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polis, but much nearer the source of supply, to burn in the 
THE GREAT NORTHERN COAL FIELDS. kitchen the produce of another coal field, and reserve for the 
drawing-room and library the now scarce and expensive Walls- 
N these days of widely-disseminated knowledge on | ends and Hetton’s. As no other coal is so much sought after 

even the most recondite and abstruse subjects, it | for domestic purposes, so no other coal is quoted at such a high 

need hardly be premised with reference to the | price; and those who incline to indulge the luxury of burning 

coal field comprised within the two northern | genuine Wallsends must be prepared to pay the difference be- 

counties of Durham and Northumberland, that it | tween that quality and others of a baser sort, just as those who 

is the most productive in the world. But this, | eat salmon in preference to cod and ling must be prepared to 
although it may be its most popular, is far from being its most | pay the extra value at which the monarch of the finny tribe is 
important feature. The coal contained within the ample limits | assessed. But although we have said a great deal in affirming 
of the three northern rivers, the Tyne, the Wear, and the Tees, | that the household coal of the northern coal field is the best in 
is the richest and most valuable, for nearly all the purposes for | Europe, we have not said half enough in our assessment of the 
which coal is required, in the whole range of European minera- | value of this important source of our coal supplies. The Dur- 
logy. Where can a household coal be found that will compare | ham coal field yields a quality of coal peculiarly adapted for the 
with Hetton’s, or Wallsends, or Hartley’s, or Lambton’s? What | manufacture of coke suitable for metallurgical purposes, and the 
Londoner would think of burning any other coal if he could be | Northumberland coal field is the source of one of the finest 
certain of procuring any one of these distinguished qualities? | qualities of steam-coal procurable within the limits of the United 
Nay, it has recently become the fashion not only in the metro- | Kingdom, not even excepting the great steam-coal field of South 
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Wales. So far as the Durham coal field is concerned, it is 
primarily worthy of remark that it has been developed at a much 
more rapid rate than any other coal field in the world. This 
fact is due in the first degree to the immense demands made 
upon its resources by the Cleveland iron trade. The manufac- 
ture of pig-iron from the ores of the Cleveland district was only 
commenced in 1850, when Messrs. Bolckow and Vaughan con- 
structed their first furnaces at Middlesborough. There had been 
a small annual production of pig-iron some time previous to 
that event, but it was very inconsiderable and incapable of much 
development, owing to the precarious and uncertain character of 
the supplies of ironstone, which were procured either from the 
mountain limestone or the coal measures. The total number of 
furnaces built in the north of England up to 1850 was only 
thirty-eight, and their total make did not exceed 150,000 tons 
er annum. But when, subsequent to 1850, the newly-discovered 
iron ore of the lias formation was opened out by Messrs. Bolckow 
and Vaughan, it not only came to supersede all other modes 
of supply, but succeeded, with a rapidity altogether without 
parallel, in placing Cleveland in the front rank of the iron- 
roducing districts of the United Kingdom. The make of pig- 
iron in Cleveland alone during 1872 was about 1,900,000 tons, 
being almost equal to the total manufacture of the United States 
in the same year; and since then the productive resources of 
the district have been still further increased. It was, therefore, 
to supply the rapidly extended requirements of the Cleveland 
iron trade that the production of the Durham coal field has been 
extended at such a rapid rate, a rate without precedent in the 
annals of the coal trade. We find that the production of this 
coal field had increased from 14,000,000 tons in the year 1850 to 
28,000,000 tons in 1870, having thus been doubled within twenty 
years. Since the latter year the extension of the output of coal 
throughout the whole of Durham has been as rapid and remark- 
able as in any previous period of its history ; and if it does not 
continue to increase in the same extraordinary ratio, there is at 
any rate ample reason to believe that it will maintain its position 
as the first coal-producing district in Great Britain. The exten- 
sion of the Cleveland iron trade and the development of the 
Durham coal field are so indissolubly associated, that the one 
must necessarily keep pace with the other. It is chiefly because 
of the great strength and purity of the Durham coke that Cleve- 
land has taken the foremost position in the British iron trade. 
It is to the superiority of that fuel that the ironmasters of Cleve- 
land have been able to defy the competition of all other districts, 
whether at home or abroad. In no other district have blast 
furnaces of such extraordinary size and productive power been 
erected. On an average, the blast furnaces of Cleveland will 
each yield 100 tons a week more of pig-iron than the blast 
furnaces of any other district, thus cheapening the cost of pro- 
duction ; and furnaces are now being built at the Ferryhill 
Works which will possess the unique capacity of 50,000 cubic 
feet, and will tower to the altitude of 105 ft., whereas the average 
height of the furnaces of Staffordshire, Wales, and Scotland does 
not exceed 50 to 55 ft. Were it not that the coke made from 
the Durham coal is very hard, and capable of resisting a great 
burden in the furnace, the valuable improvements and economy 
resulting from the construction of such high blast furnaces could 
not have been attained, and but for the same cause the iron- 
makers of Cleveland, who have to depend on a very poor ore 
(yielding only from 28 to 30 per cent. of metallic iron), would 
have been placed almost outside the pale of competition with 
the older and better known iron making districts of Europe. In 
the early years of the Cleveland iron trade, it require from 30 to 
40 cwt. of coke to make a ton of pig-iron, but in the majority of 
the furnaces now in use the consumption of coke to the ton of 
pig-iron made does not exceed 20 to 23 cwt. This remarkable 
economy is owing (1) to the greater capacity of blast furnaces, 
(2) to increased temperature of blast, which has been raised 
from 600° to 700° in the earlier furnaces, to 1,100° and 1,200° in 
those of most recent erection ; and (3) to increased regularity in 
working—the result of improvements of construction aiming at 
the greatest possible simplicity and mechanical perfection. But 
for the economy thus effected, the consumption of coke in the 
Cleveland district must have been at least a third greater than 
it is to-day, assuming that the trade could have reached under 
other circumstances its present proportions, and the era of the 
exhaustion of the all-important coal supply of Durham would 
have been brought much nearer than it is. 

Having thus glanced briefly at some of the more salient 
aspects of the Durham and Northumberland coal field, we shall 
proceed to speak more in detail of that immense reservoir of our 
national wealth and prosperity. 


HISTORICAL NOTES, 


The annals of the northern coal trade are more complete than 
those of perhaps any other district. Evidences have been found 











of the working of coal by the Romans along the track of the 
Roman Wall, near the Tyne, but there is no documentary proof 
of such a remote origin of the coal trade of the north. One of 


the first records of the working of coal in the Newcastle coal- - 


field occurs in a work published by Bishop Padsey of Durham, 
A.D. 1180, where mention is made of a grant of land to a collier 
for providing coal for the cartsmith at Coundon, in the county 
of Durham. In 1239, Henry III. granted a charter to the free- 
men of Newcastle-upon-Tyne to dig coals in the Castle fields ; 
and about the same time the first shipments of coals were made 
to London from the Tyne. A tax peculiar to the Tyne was 
imposed in 1421, on coals “sold to persons not franchised in 
the port of Newcastle,” and in lieu of arrears of this tax, 
demanded by Queen Elizabeth, a duty of one shilling per 
chaldron was imposed, which continued to be imposed until the 
time of Charles II., when it was settled on the Duke of 
Richmond, natural son of the monarch. In 1799 it was sold to 
the government for an annuity of £19,000, and in 1831, after 
being continued over 400 years, it was ultimately repealed. 
Another tax of 5s. per ton was imposed by Queen Elizabeth on 
all coals sent over sea, and to this King James added 35. 4d. per 
chaldron, and an additional Is. 8¢. per chaldron on coals exported 
inforeign ships.’ Documents preserved inthe Mining RecordOffice 
show that in 1602 there were in Newcastle twenty-eight acting fit- 
ters, who had eighty-five keels, and who vended coal at 8s. to 1os. 
per chaldron. The author of the “ History of Fossil Fuel” says 
that in 1616, 13,675 tons (chaldrons is supposed to have been 
intended) of coal were shipped from Newcastle; and in 1651 
we learn that 900 ships were loading coal in the Tyne. A 
number of principal collieries, now operative in North Durham, 
were opened out in the seventeenth century. Such are the 
oldest of the Earl of Durham’s Lambton Collieries, including 
that of Harraton, which was owned in 1644 by a Mr. Hedworth, 
and in 1649 was seized by Sir Arthur Hazelrigge, Governor of 
Newcastle. At the Lumley Park Colliery also, coal has been 
worked since 1676, when the colliery was visited by Lord Keeper 
North, who noted that drainage was effected by means of chain 
pumps worked. by water wheels. Cockfield Fell Colliery is 
spoken of as one of the earliest landsale collieries in the county 
of Durham. Most of the earlier collieries opened out in the 
north were in the near neighbourhood of the Tyneand the Wear 
for the purposes of shipment. There were no locomotives in 
those days, although wooden railways are said to have been 
introduced in the county of Durham between 1632 and 1649, and 
such railways are known to have been in general use between 
1670 and 1800. One of Sir Thomas Liddell’s first staith bills, 
dated 1671, is still extant, showing that coal was then led in 
waggons to the river Team, a tributary of the Tyne. For many 
years only atmospheric engines were employed in colliery work, 
and it is recorded that in 1714 only three such engines were at 
work in the northern coal field. Some of these old-fashioned 
engines are still preserved at the older Durham collieries, and 
at the Harraton Colliery one of Newcomen’s atmospheric en- 
gines, with an open-topped cylinder 33 in. diameter, in which 
condensation is carried on below the piston, may still be seen at 
work. At the beginning of the eighteenth century, the practice 
of coal mining had attained to such a degree of importance that 
treatises bearing on the best modes of exploration, &c., were 
published. One of these, “ printed for G. Conyers, at the Ring 
in Little Britain, 1708,” describes very accurately and clearly, the 
system of boring for coal then in use, and the different varieties 
of coal worked in the northern coal field, In the early stages of 
coal mining, it was almost impossible, on account of engineering 
difficulties, to work at any great depth, and accidents from 
flooding and from foul gases were of frequent occurrence. In- 
deed, there is not a colliery in the north, opened previous to 
1800, that has not had a long list of fatal accidents and 
explosions, some of them of the most fearfully disastrous kind, 
to catalogue. The lot of the miner was then, in truth, a hard 
and hazardous one. To a much larger extent than at present, 
he carried his life in his hand, and the science of coal mining 
has not improved in any direction more than in that of 
ameliorating the condition of the collier, and securing for him 
greater immunity from misadventure. An important advance in 
the mechanical aspect of mining was made in 1795, when cast- 
iron tubbing for damming back the large feeders met with in 
sinking, began to be generally used. At first, the tubbing 
used for this purpose consisted of circular rims the full 
size of the shaft; but Mr. Ruddle, who was so largely 
successful in perfecting the furnace ventilation of mines, in- 
troduced segments, which on being properly wedged, formed a 
complete barrier to the passage of the water. On the comple- 
.tion of this casing the shaft of a pit was rendered perfectly safe 
against inundation, arising from the bursting away of the seg- 
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ments. The internal ventilation of the Durham mines, prior to 
1760, was carried on by causing a current of air to circulate 
around the places in which the men were working, the inter- 
mediate space being left entirely without ventilation. Hence it 
happened that on any sudden fall of the barometer, or leakage 
of stoppings, gas was diffused into the passage roads of the 
mine, and terrible explosions ensued. Fire-damp was the Mo- 
loch of coal mining in former days, and even now, with all the 
light that science has been able to shed upon the practice of 
ventilation, is in only too many cases an unsubdued enemy, 
calling every year for its hecatombs of victims, and protesting, 
silently, but not the less eloquently, that with all our boasted 
advance in knowledge, and with all our vaunted mastery over 
earth, sea, and air, we have yet to solve the problem of securing 
immunity from the most terrible and constant danger to the men 
whose labours form the basis on which the superstructure of 
England’s commerce has been reared. 

In the natural ventilation first made use of, advantage was 
taken of the direction of the wind, or other natural causes, and 
of the ascending power given by the heat of the workmen in the 

“mine to the return current. The waterfall mode of ventilation 
is another of the earlier systems adopted, but it was unsatis- 
factory in its results, and expensive as regards its cost, the water 
having to be raised again to the surface. This system is, how- 
ever, still in use, not only in some of the Durham and North- 
umberland collieries, but also in one or two of the Cleveland iron- 
stone mines, including those of the Liverton Iron Company, 
which have been opened out within the last ten years. The 
steel mill mode of ventilation was introduced about 1760, but 
we are not aware of a single instance in which it is now applied 
to coal mines in the northern coal field. It is more suited, so 
far as it suits any purpose at all, for lead and other mines 
entered by an adit or level. The important and valuable 
practice, now so universally adopted, of splitting the air current 
into several sections,"was introduced about the year 1818. By 
this mode, each air current is made to ventilate its own district, 
and is then passed direct to the furnace. The distance to be 
travelled by the respective currents is then materially diminished, 
and an improvement of both the quantity and the purity of the 
air is effected. Furnace ventilation has during the last half 
century been more generally adopted than any other system. 
Much discussion has taken place as to the best system of fur- 
naces, and the most economical mode of feeding them with air. 
The general result of experiments made some years ago with 
ventilating furnaces showed that they varied from 37 lbs. to 
101 lbs. of coal per horse power on the air taken, upon currents 
of air ranging from 40,000 to 120,000 cubic feet per minute. It 
is considered a fair estimate of the economic value of the 
average conditions in which furnaces are worked, that only 5° 
of heat due to combustion of the coal are utilized. There are 
many objections to the use of the furnace, which seem to be in- 
surmountable, and form a constant source of trouble and cost. 
Such are, the inconvenience and often the impossibility of 
making use of a shaft heated to a high temperature (although at 
Haswell Colliery the miners make use of a shaft heated to close 
on 100°), the necessity of cleansing the flues, and the conse- 
quent suspension of the active ventilation of the mine, and the 
damage necessarily inflicted by the furnace on the winding ma- 
chinery and tubbing where winding is carried on in the upcast 
shaft. It is now generally acknowledged that where there are 
not shallow shafts and heavy resistances to be overcome, the 
furnace cannot, from an economical point of view, compete with 
mechanical ventilation. Hence it happens that within late 
years nearly all the principal collieries in the north have 
adopted mechanical ventilation, including both ventilators 
working by centrifugal action, and those employed as pumps. 
There are at least half-a-dozen fans or ventilators working by 
centrifugal action, and it is still a moot point which of them is 
the most economical and the most suitable for colliery ventila- 
tion. It is no favouritism, however, to say that the Gaibal fan 
yields as good results as any, and no ventilator is more approved 
of by the colliery managers of Durham. The Birom, Nasmyth, 
Brunton, Rammell, Cooke and Waddell ventilators have each, 
however, their own advocates and friends. 

In the underground conveyance of coal, numerous improve- 
ments have been introduced within recent years. When coal 
mining was in its infancy the exigencies of ‘underground con- 
veyance, not less than those of ventilation and drainage, rendered 
it necessary to sink frequent shafts, and within the memory of the 
present generation, the mode of conveyance was confined to 
sledges, on which the baskets of coal were placed and then 
drawn by ponies and horses tothe mouth of the shaft. Whinseys 
and gins, or in some cases, water-wheels, were also employed 
to carry the coals to bank. In 1777 tramways were introduced 
in the pit, and superseded the use of sledges in drawing the coal 
from the workings to the bottom of the shaft. Edge rails ulti- 








mately superseded the initial tramways, and when the workings 
became more extended, the coals were conveyed by single trams 
to central stations, and thence in trams of from two to four, along 
the main road to the bottom of the shaft. Advantage is gene- 
rally taken of the “dip” of coal to enable the underground 
conveyance to be carried on by self-acting inclined planes, where 
this operation is practicable, but as a rule throughout the colliery 
districts of both Durham and Northumberland, a large staff of 
ponies are kept for the purpose. The subject of conveyance 
underground was one that engaged to a large extent the attention 
of the late Mr. Nicholas Wood, who did much to render it more 
easy and economical. Not a few mining engineers look forward 
to the conveyance of coals from the station to the bottom of the 
shaft, without having recourse to horse power at all. They would 
make use exclusively of steam engine planes, which would un- 
doubtedly be more economical under certain conditions, but 
where, as at Haswell Colliery, the coal has to be carried under- 
ground for a distance of four miles, this mode of working might 
not be altogether practicable. In some cases compressed air has 
been successfully used for underground conveyance, and itis a moot 
point whether for long distances it would not be a more efficient 
motor than the steam engine. There is no doubt that compressed 
air is destined to supersede steam in many ways, and the proba- 
bility of the caloric air engine taking the place of the steam engine 
for colliery purposes is not a very remote one. 


DISTRIBUTION OF NORTHERN COAL FIELD. 


The great northern coal field of Durham and Northumberland 
extends along the eastern coast from the mouth of the Tees on 
the south to the mouth of the Coquet on the north. Its length is 
about 50 miles, and its width varies from 24 to 6 miles. It 
attains its widest part in South Durham. A line drawn west- 
ward from Hartlepool would give the major width, while a line 
from the mouth of Blyth would give the minor. The geo- 
graphical distinctions by which it is known are regulated by the 
boundaries of the Tyne, the Wear, and the Tees. On the river 
Tyne there are three principal districts, distinguished as the 
Wallsend Collieries, the Hartley Collieries, and the Ryton and 
Walbottle district. The Wallsend Collieries are understood to 
comprise the household coal district, north and south of the Tyne ; 
the Hartley Collieries comprise the steam coal district north of 
the Tyne and Blyth; and the Ryton and Walbottle district em- 
braces the manufacturing and coking coal, west of Newcastle. 
There is, however, a fourth district, properly belonging to the 
Tyne, comprising the Pelaw, Peareth, and Marley Hill Col- 
lieries, and distinguished as the gas coal district south-west 
of Newcastle. On the river Wear the collieries are divided 
into two sections—the first (which comprises the Hetton and 
Monkwearmouth Collieries) being termed the household coal 
district ; while the second, extending over the greater part of 
South Durham, yields gas and coking coal. On the river Tees 
there are the three districts of Castle Eden, Coxhol, and Black 
Boy, yielding household, steam, and coking coals. The deepest 
collieries are those in the Monkwearmouth district, where the 
Hutton seam is worked at a depth of 285 fathoms, and in the 
Wallsend collieries the Beaumont seam is attained at a depth 
of 235 ft. In the Crook district the Harvey seam is worked at 
a depth of only 19 fathoms, while in the Hetton district the 
same seam dips to a depth of 173 fathoms, and in the Castle 
Eden district it attains a depth of 198 fathoms. The thickest 
seam in the north is the Main Coal, which in the Hetton district 
is 6 ft. 6 in., the same seam in the Monkwearmouth district 
being only 2 ft. 10 in. thick. In the Wallsend collieries there are 
thirteen district seams, and the thickest is only 6 ft. (the low 
main) while the thinnest (the Ryton) is only 5 in. The follow- 
ing are the names and thicknesses of the various seams in the 
Newcastle district :— 

Thickness. 

ft. in. 

° 
6 
6 
10 


Highbeam coal _ . 
Metal coal . ‘ 
Stone coal . ‘ 
Yard coal - ° 
Rensham coal . 
Five quarter coal . 
Low main coal - 
Crow coal ‘ ‘ 
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. 
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Five quartercoal . - ‘ 
Three quarter coal — ; ‘ 
Brockwellcoal . . + «+ « 
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° 
Five quarter coal 8 
Ruler coal. ; . 10 
Townley or Harvey coal . I 
Jelly coal : . ‘ . 2 
Stone coal . . . . ° 

4 
6 
° 
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The coking coal is chiefly raised in South Durham, the average 
analysis of whose coal is as follows :— 


Carbon 
Hydrogen 
Nitrogen . 
Sulphur 
Oxygen 
Ashes 


co 
NAQGORF 
N OOO V1.0 
oo owl 


Ow 


100°00 
The next table shows a fair average analysis of Durham coke, 
although, of course, analyses must vary according to the quality 


of the coal, the length of time it has been coked, and the manner 
of its coking :— 


Carbon 

Hydrogen . 
Nitrogen 1'276 
Oxygen ‘ . ‘ ? 0905 
Sulphur. ; ‘ ; z : — 
Ash . ‘ ; 3°948 


93°150 
o'721 


100°000 
MANUFACTURE OF COKE. 


The object of coking the coal is to drive off all its component 
parts, except carbon, and the nearer the coke approaches to a 
state of pure carbon, the more perfectly adapted it becomes for 
metallurgical purposes. The caking property of the coal found 
in the northern coal field quite unfits it for use in a blast furnace 
in its raw state. Its fusing property, by impeding the blast, would 
cause the contents of the furnace to hang and slip, and thus to 
descend at irregular intervals. It produces, however, as we have 
already indicated, a coke of extreme hardness, and capable of 
resisting the crushing effect of a high column of materials. 
Experiments made at the Clarence Works showed that a cube 
of coke, two inches on a side, supported a weight of 25 cwt. when 
cold, and 20cwt. when hot, before it was crushed. This peculiar 
property of the Durham coke, of being sufficiently compact to 
come down to the region of fusion in the blast furnace without 
being crushed on its way, is dependent on some circumstances 
not clearly understood, but quite apart from its purity and 
excellence in other ways ; nor is it understood, according to the 
admission of Mr. J. L. Bell,' how it happens that there are dis- 
tinctions in hydrocarbons, causing one to be a melting coking 
coal, and the other to be a dry and non-coking coal. Coke did 
not come into general use for metallurgical purposes until 
towards the latter part of the first half of the present century, 
although Dr. Ure, in 1788, speaks of several attempts to reduce 
iron with coked coal. Between 1843 and 1846 the coke trade 
of the northern counties was said to be established only at 
Garesfield, Wylam, and it was made from the Busty, Harvey and 
Brockwell coal seams. 


having been that of burning the coal in open heaps. By this 


rocess there was necessarily a great waste which is got rid of | 
in the close walled oven, although there are those whostill think | 
that by the latter mode of burning, the combustion is not so | 
In heap burning it was considered that 31 to 32 per | 
cent. was a good average production of coal, but by close ovens | 


complete. 


from 50 to 60 per cent. or 5 to 3, and sometimes more, is obtained. 


There are many patent ovens now invented, but in the county | 


of Durham, which is not yet the greatest centre of the coke 
manufacture, the ordinary beehive oven is the one almost univer- 
sally adopted. In this oven the coke is usually burned from 
seventy to ninety hours to produce the best quality. The principal 
coke-making firms in South Durham are Messrs. J. W. Pease and 
partners, Bolckow, Vaughan and Company, Bell Brothers, Henry 
Stobart and Company, the Weardale Iron and Coal Company, 
and the Consett Iron Company. These firms unitedly produce 
over 3,000,000 tons of coke per annum, in a district where, thirty 
years ago, scarcely a single ounce of ‘coke had been manufac- 
tured! It is calculated, indeed, that of the 17,000,000 tons of 
coal now raised every year in South Durham, not less than one- 
half is converted into coke. South Durham coke is not only used 
by the great iron making district of Cleveland but some 15,000 
to 16,000 tons per week are sent to the hematite iron makers on 
the west coast, and no other fuel is so much used by the steel 
manufacturers of Sheffield and Rotheram. It is noticeable, also, 

that for many years no other fuel than South Durham coke was 
used on the Metropolitan Railway, and it is still largely sought 
after for foundry purposes, not only throughout England, but on 
the Continent as well. 





1 Report of Coal Commission, 1871, vol. ii. p. 225. 








It was not until a comparatively recent | 
date that ovens were used, the original process of manufacture | 
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STATISTICAL ASPECTS OF THE NORTHERN COAL TRADE. 


The earliest statistical information to which we have access, 
regarding the progress of the northern coal trade, will be found. 
embodied in a report presented to the British Association, at its 
—— meeting in 1863. This report contained the following 

ata :— 


1602, 


Tons. 


The vend from Newcastle was ‘ ‘ 190,000 


Coast. Foreign. 
Newcastle vend 214,305 24,956 
Sunderland 9,265 2,383 
Blyth . $ ‘ 855 _ 
1621 to 1862. Newcastle 301,785 435755 345,540 
1622. The port of Stockton began to vend coal at the rate of 
10 chaldrons per annum. 

1630. Newcastle . 253,380 
1660. Newcastle and Sunderland. 
1700. Ditto ditto 
1710, Ditto 475,000 

» Sunderland 175,000$ ° Sgapeo 
1750. Newcastle and Sunderland 1,193,457 
The following interesting tables have been extracted from 


some manuscript volumes in the Library of the Antiquarian 
Society of Newcastle-on-Tyne :— 


1609. 


239,261 
11,648 
855 


289,922 


537,000 
653,000 


36,542 


VEND OF COALS ON THE WEAR, 1778. 
Chaldrons. 
20,500 


Colliery Owners. 
1 Lord Ravensworth’s Representatives 
2 Sir John Eden. ; ‘ 19,016 
Humble and Smithson ‘ : 17,817 
Wm. Pearelt, Esq. ° ; ‘ 9,888 
Wm. Russell and Company 7,285 
Carr, Esq., and saaiteintad . A 19,973 
Mr. Nisham_ . ; ; ‘ 11,067 
Ralph Lambton, Esq. 17,958 
John Lambton, Esq. 13,864 
Mrs. Lambton. ‘ 
Wm. Pearith, Esq. . 
Ralph Milbank 
Robert Shafto, Esq. 
John Tempest, Esq. (Ducks) . 
John Tempest, Esq. (Wharton Main) 


Total chaldrons. 238,953 
or 


633,225 
VEND OF COALS ON THE TYNE, 1767. 


Collieries. 
Wylam Moor . 
Greenwich Moor 
Holywell Main 
Montague Main 
Bykes 
Benton 
Walker ‘ 
Tynemouth Main 
Chirton 
Chapter Main . 
Fellon 
Huntley’s 
Team . 
Tanfield Moor . 
South Moor 
Andrew’s House 
Hutton Main . 
J. M. Edge 
Silver Top 
Pentops . 
Lunds. 
Barleyfield 
Whitfield. 

Rise Moor 


Total tons. 


Chaldrons. 
14,000 
18,000 
18,000 

5,000 
11,000 
27,000 


© CON AUIHPWN 


_— 
= O 


Total chaldrons . 359,000 
or 


Total tons 951,350 


1768. 
Mean vend for three years past, 358,000 chaldrons or 498,700 
tons. 
Intended vend for seven years to come, 348,000 chaldrons or 
922,200 tons. 









































The Newcastle chaldron is 53 cwt. of coal, or double the 
quantity contained in the London chaldron. Sometimes the 
chaldron was made the long chaldron of 56 or 58 cwt., but the 
ordinary chaldron was supposed to be adopted by the Com- 
mittee of the vend. 

Dunn, in his work on the coal trade, dated 1795, gives the 
exports of coal from Durham and Northumberland at 825,000 
chaldrons, and he estimates the home consumption at 175,000 
chaldrons, thus making the produce of these two counties a 
million chaldrons, or 2,650,000 tons. The following table ex- 
hibits the total shipments in each of the decennial periods between 
1801 and 1868 from the northern coal field—the last return being 
for eight years only :— 


Tons. Increase. 

From 1801 to 1810 . - 23,859,428 _— 

» 88th ,, 4620. . 28,247,739 4,388,311 

» 1821 ,, 1830 34,287,940 6,040,201 

» 1831 ,, 1840 45,888,254 11,600,314 

» 1841 ,, 1850 69,37 5,400 23,487,146 

» 1851 ,, 1860 89,577,744 20,202,344 

” 1861 ,, 1868 85,332,073 -] 


In 1856 regular returns of the production of coal in each Mines 
Inspection district were begun to be kept by the inspectors, and 
the distinction, which has ever since been maintained, of separa- 
ting the northern from the southern division of Durham and 
attaching it to Northumberland and Cumberland was initiated. 
In this year we find the total quantity of coal raised in North 
Durham, Northumberland and Cumberland put down at 
7,950,000 tons, while South Durham produced in the same year 
11,104,565 tons. Ten years later (in 1866), the production of 
the former district reached 10,763,800 tons, while that of the 
latter had advanced to 14,930,000 tons. For the succeeding six 
years the production of each of these districts, as given in 
ev before the Coal Commission of last year, was as 
ollows :— 














| Tons 
Districts. ter, | Seu Soles pee 

Employed. . Nan. 

Northumberland, Cumber-| 1867 | 26,321 | 11,005,500 | 417 
land, and North Durham] 1868 | 32,000 | 11,400,000 | 358 
1869 | 32,000 | 11,660,000 | 367 

1870 | 34,000 | 12,500,000 | 368 

1871 36,000 12,530,000 | 348 

1872 | 39,000 | 13,000,000 | 333 

South Durham. 5 1867 | 37,000 15,442,000 | 417 
1868 | 37,000 15,300,000 | 413 

1869 | 37,800 | 15,636,000 | 414 

1870 | 41,100 | 16,800,000 | 409 

1871 | 43,000 | 17,946,000 | 417 

1872 | 45,300 | 17,395,000 | 384 











Compared with the returns given in respecting other coal 
fields in this country, the above figures show that the northern 
coal field produces some 10,000,000 tons per annum more coal 
than any other. Nor do the above figures, as to the number of 
persons employed, convey an adequate idea of the vast popula- 
tion dependent on the northern coal trade, for it is estimated 
that over 30,000 persons are employed in what is called the 
carrying trade, while fully 10,000 more are in receipt of a liveli- 
hood from auxiliary occupations, having their common root in 
the extraction of coal. 


BIOGRAPHICAL SKETCH OF SIR GEORGE ELLIOT. 


It is not often that the annals of industry furnish us with a 
career so varied, so eventful, and so remarkable as that of Sir 
George Elliot. Born without any adventitious circumstances of 
rank or fortune to help him up the social ladder, he has by his own 
unaided efforts raised himself to be not only the owner of the 
colliery where he worked as a boy—not only one of the largest 
colliery owners in the world, but the holder of a baronetcy, and 
member of parliament for his native county. There is, perhaps, 
no more brilliant example on record of the chances which are 
ever open, even in this constitutional country and under our 
monarchical government, to those who know how to take at its 
flood the tide in the affairs of man that leads him on to fortune. 
From a modest home to the lordly halls of the baronet and 
millionnaire is a great leap to be attained within the compass of 
half a century ; and it may be doubted whether it is possible to 
furnish a single other instance of one who, without having done 
something to 


“ Leave a name at which the world grew pale ;” 
without having distinguished himself in any of the ordinary 
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avenues to distinction ; without having earned the laureate’s 
wreath, the coronet of the politician, has at last, by the force of 
talent, observation, scientific attainments, and industry, made 
himself in a single generation all that Sir George Elliot now is. 
It may be quite true that 


“ The rank is but the guinea stamp,” 


but all the same the rank will be sought after so long as there 
are no higher ambitions left ungratified ; and for those who would 
elevate themselves in the scale of society, the career of Sir George 
Elliot presents encouragements to perseverance and industry. 

Born at Gateshead on the 18th of June, 1815, Sir George Elliot 
is now 59 years of age. His father’s name was Ralph Elliot. 
He followed the arduous and ill-remunerated occupation of a 
coal-hewer, having worked for some years during his son’s in- 
fancy at the famous Killingworth Colliery, where George 
Stephenson was employed first as a breaksman and after- 
wards as engineer, and where he invented the safety-lamp 
that bears his name. A collier’s position is one that offers few 
opportunities for the elevation either of himself or his family. 
Fifty years ago this was much more the case than it is at the 
present time. When young George Elliot was yet a child, pit- 
men in the north had to work fourteen hours a day to eke out a 
scanty livelihood, and their wages did not often exceed 35. 6d. 
to 4s. per day. Having a numerous family, Ralph Elliot was 
compelled to send his sons to work at an early age, to enable 
him to provide adequate maintenance for their support. The 
present baronet was no exception to the inexorable rule, which 
compelled the other sons to eat their bread “ by the sweat of 
their brow.” At the tender age of nine he was sent “ down the 
pit” at Pensher Colliery as a “ trapper,” that is, to open and shut 
the doors giving access to the different sections of the pit. This 
was not the sort of training to enable a man 


“ To burst his birth’s invidious bar, 
Breasting the blows of circumstance.” 


The trapper has to sit or stand behind a huge door, always in 
darkness, in the recesses of the mine, and throw it open when- 
ever a passage is demanded for ponies, tubs, or pitmen. There 
is no opportunity even for reading or learning to read, no chance 
of conversation with his fellows, few facilities for recreation and 
amusement—nothing, in short, suited to the circumstances of 
youth. Yet it was in a position of this kind that George Elliot 
graduated for his distinguished career ; and it may have been— 
for like causes do not always produce the like results—that the 
very fact of having been thus early inured to hardship and toil 
developed his force of character, and moulded his mind in a 
direction which it would not have been likely to take under con- 
ditions which, on the face of them, were more favourable to the 
attainment of rank and fortune. 

At Penshaw, George Elliot remained “ down the pit” until he 
had reached the age of nineteen. In the meantime, however, 
he had “ grasped the skirts of happy chance,” which found him 
facilities for improving his education. More particularly did he 
show a genius for mathematics, and it fortunately happened 
that in this important branch of industrial training he received 
the tuition of Mr. Peter Nicholson and Mr. Watson, two of the 
most eminent mathematicians of the day, who had not only the 
root of the matter in themselves, but who also had the knack of 
grounding their pupils in a knowledge of that in which they 
themselves were proficient. 

When something like twenty years of age, young Elliot em- 
braced an offer to quit the drudgery of the pit, and enter the 
office of a Mr. Thomas Sopwith, a land surveyor and mining 
engineer at Newcastle. His progress in Mr. Sopwith’s office 
was rapid. He remained there some six months, when he was 
offered the appointment of overman at Penshaw Colliery, to 
which, accordingly, he returned in 1836. At that time it was 
not necessary that a colliery overman should have the same 
high qualifications for his position that the Act of 1872 has 
imposed. Many held responsible positions in colliery manage- 
ment, who were quite unfitted for the post. Those who had 
been brought up in the pit had gained the practice, but gene- 
rally lacked the theoretical knowledge that should go along 
with it; and those who had the theory were too often void of 
practice. But young George Elliot had acquired both in a high 
degree, and his capacity did not fail to meet with its due 
requital. When he was only twenty-two years old, he left 
Penshaw Colliery to become under-viewer at Monkwearmouth, 
then the deepest and one of the largest pits in the kingdom. 
Two years later, in his twenty-fourth year, he was made head 
viewer of the Monkwearmouth Colliery, a position in which he 
had the absolute control of everything relating to the manage- 
ment of the mine, and one that is only now-a-days conferred 
upon gentlemen of proved capacity, good position, and matured 
experience. The probability is that Mr. Elliot was then the 
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youngest viewer in England, and since then we may well doubt 
whether any one at so early an age has had the holding of 
so responsible a post. But it was one for which Mr. Elliot 
proved himself so capable, that his advice on all matters per- 
taining to colliery management was eagerly sought after. 

In 1840, Mr. Elliot joined Messrs. Backhouse and Mounsey 
of Sunderland in the purchase of Washington Colliery, which 
was formerly owned by Mr. Russell, of Brancepeth Castle, the 
son of the original owner of the celebrated Wallsend Colliery. 
Of this new undertaking, Mr. Elliot undertook the manage- 
ment. It prospered in his hands to such an extent that in 1843 
he was in a position to undertake the lease of the Usworth 
Collieries, about four miles from Newcastle, and closely adjoin- 
ing the Washington property. Usworth is one of the most 
celebrated collieries in Durham. 
gas coal per day to the gasworks of London, and its total daily 
production is not much short of 1,200 tons. 

Being now a colliery owner himself on a large scale, Mr. 


Elliot resigned his appointment of head-viewer to the Monk- | 


wearmouth Colliery, and accepted the equally arduous and re- 
sponsible position of chief mining engineer to the collieries, har- 
bour, and railways owned by the late Marquis of Londonderry. 
The interest of this nobleman in the Durham coal trade was a very 
large one. Asa result of that interest and of its development, 
the now important shipping port of Seaham Harbour, near 
Sunderland, has sprung into existence with a rapidity almost 
unparalleled. The mythological origin of Minerva, who sprang 
full armed from the head of Jupiter, was not in its way more 
remarkable—fabulous though it be—than the growth of this 
rt ; and it is the least that can be said of Mr. Elliot, that to 
is enterprise and administration, Seaham Harbour is under 
considerable obligations. 

One of the most notable events in the career of Mr. Elliot 
was his purchase, in 1863-4, of the Penshaw Colliery, where he 
was brought up as a pit boy. Some time afterwards he became 
one of the chief owners of the Powell-Duffryn Collieries in 
South Wales, to which were added, in course of time, the 
Cwm Noel and Aberaman Collieries, also in the Princi- 
pality, and forming altogether a coalfield with a productive 
capacity of over 6,000 tons per day. Later still he became 
the owner of the Hanmer Colliery in North Wales, which 
is worked under the estuary of the Dee, on the ten-yard-drift 
system. At the present moment, with all these different collieries 
in his possession, Sir George Elliot occupies the proud distinc- 
tion of being one of the largest colliery proprietors in the world. 
This acknowledgment was made on a recent occasion—the 
visit of the Mechanical Engineers and the North of England 
Institute of Mining Engineers to Cardifi—by Mr. F. J. Bramwell, 
F.R.S., President of the Institute of Mechanical Engineers. 
Speaking of Sir George Elliot, Mr. Bramwell said that “he had 
by a life of intelligent industry raised himself until he had become 
the very largest colliery proprietor in England, and that meant 
that he was also a large employer of labour, and that upon his 
good conduct and good sense depended the material prosperity, 
and perhaps even more than that, of thousands. In these 
respects I believe that Sir George has done his duty.” 

There are a number of side lights by which Sir George Elliot’s 
career may be viewed, and which identify him as much as any 
and more than most men now alive with the north of England 
coal trade. He was one of the founders, conjointly with the 
late Mr, Nicholas Wood and others almost equally well known 
in the world of mining science, of the North of England Institute 
of Mining and Mechanical Engineers. This institution was 
established on the 3rd day of July, 1852, at a meeting held in 
Newcastle, and its object was to be “ for the purpose of forming 
a Society to meet at fixed periods to discuss all means for the 
ventilation of coal mines, for the prevention of accidents, and for 
general purposes connected with mining and the working of 
collieries.” Sir George was the mover of a resolution providing 
“that this Society be called the North of England Society for 
the Prevention of Accidents, and for other purposes connected 
with Mining.” Since then, the Society has taken up a much 
wider area of usefulness, and occupied a very much larger space 
in the public eye than its original founders could have foreseen 
or anticipated. It is not only the first institute of its kind, but 
it is the largest and most influential. It has a membership of 
over 700, and it has established in Newcastle a house of palatial 
aspect called the Wood Memorial Hall, in tributary regard to 
the late Mr. Nicholas Wood, one of Sir George Elliot’s oldest 
and most valued friends. In the work of this institute Sir 
George has taken a more or less conspicuous part since its 
origin. In November, 1868, he was appointed president of the 
institute, and in that capacity he delivered an address which 
commanded the attention of the scientific world both at home 
and abroad. 

In the general election of 1868 Sir George was returned as 


It supplies about 500 tons of | 





one of the members for the northern division of his native 
county. He continued to represent the same constituency until 
the general election of 1874, when he was defeated in a rather 
singular manner. It was reported—as it turned out without. 
the slightest foundation—that Sir Hedworth Williamson and 
Sir George Elliot (the one a Liberal and the other a Con- 
servative) had entered into a compact that the peace of 
the constituency should not be disturbed, and both of them 
were said to discountenance the appearance of any other candi- 
date. Sir George Elliot’s political opponents made the most 
of these unfounded statements, and Sir Hedworth Williamson 


| ultimately declared his intention of retiring from the representa- 


tion of the Liberal interest. Two Liberal candidates—one Mr. 
J. L. Bell, the well known ironmaster and metallurgical chemist, 
and the other Mr. Charles Mark Palmer, the founder of Jarrow, 
and an eminent shipbuilder—entered the field. Some votes which 
Sir George had given on the Mines Regulation Bill were made 
to appear adverse to the interests of the mining population of the 
county, and as that class had great political influence in the con- 
stituency, Sir George Elliot was defeated. A petition was pre- 
sented against the return of the Liberal representatives, on the 
ground that the election was not a free one. This was so 
abundantly proved in the hearing of the petition that the elec- 
tion was declared void. Messrs. Bell and Palmer were not, 
however, disqualified from standing again, and this they did, in 
opposition to Sir George. The latter, however, was again re- 
turned to parliament as a colleague of Mr. Palmer, Mr. Bell 
being the rejected candidate. Another petition was now pre- 
sented against the return of Sir George, followed by a counter 
petition against Mr. Palmer. These petitions came on for 
hearing at Durham, during the second week of August, but the 
case against Sir George, which was taken first, was so weak 
that a withdrawal of both petitions was resolved upon during 
the second day’s hearing, and Sir George remains one of the 
members for the northern division of Durham. 

In the course of Sir George’s parliamentary career, two com- 
mittees were appointed by the House of Commons to deal with 
several matters. relating to the coal supply of the United King- 
dom. As one who knew perhaps more about the coal trade 
than any other member of the House of Commons, Sir George 
was elected to serve on both committees. The special function 
of the Commission of 1869-70, of which Sir George was a 
leading member, was to inquire into the probable extent and 
duration of our coal fields. Upon this subject Sir George 
was one of the most valuable witnesses, and laid before his 
fellow Commissioners a great deal of evidence which materially 
helped it in its conclusions. The Commission, it will be re- 
membered; took a great deal of evidence as to the lowest depth 
at which it would be practicable to work coal, and came to the 
conclusion that there was little hope of being able to maintain 
Britain’s industrial supremacy, when it became necessary to 
work our coal supplies at a greater depth than 4,000 ft. Sir 
George had made many experiments on this matter, and found 
that under all conditions of surface there was a steady increase of 
something like one degree for every 60 ft. of descent. The increase 
of temperature was determined, he thought, by depth from the 
surface, and had no reference to the depth below the level of 
the sea. He held, however, that the increase of temperature 
would be counteracted by increasing the quantity of air, and 
that improved ventilation would enable a man to do his work at a 
higher temperature for the same wages. Coal could be cooled 
down by ventilation, and an improved ventilation might enable 
us to work coal at a much higher temperature than 100°. He 
believed that the system of air machines would entirely super- 
sede the use of horses underground, but it would be difficult to 
get a sufficient quantity of air into the mine by compression. 
The increase of ventilation was desirable, not so much as a 
protection against explosions, but to supply the workmen with a 
cooling atmosphere, in which they can work. With reference 
to the north of England in particular, Sir George declared that 
there would not be the slightest inconvenience in sinking to a 
depth of 1,000 yds., and he would not estimate the cost of such 
a mining at more than from £100,000 to £150,000 beyond the 
expense of mining at half the depth. Deep coal was not more 
expensive to work in the north of England than shallow coal. 
He believed that coal might be worked for twelve miles under 
the sea, and that ventilation might be effected by sinking a shaft 
in the ocean. He believed that at a depth of 1,000 yds. work 
could be carried on, were there shafts within ten miles of each 
other. He could almost travel underground from the city of 
Durham to Newcastle. Sir George believes that in the county 
of Durham coal extends ten and twelves miles under the sea, 
but the depth is such that there is little danger of the sea 
breaking in. With reference to the subject of mine ventilation, 
Sir George prefers mechanical to any other means, having 
found that where he has tried mechanical ventilation, there is 
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very much less coal used, and a larger quantity of air got. He 
does not think there is any depth where coal could be worked 
by human beings from which there would be any difficulty in 
raising it. With the strongest metallic rope that could be made, 
coal might be raised from a depth of 3,000 ft. at a single draw, 
but in a single descent of 3,000 ft. a stage half way down could 
be done very well, without much expense. 

The large, original, and comprehensive views of Sir George 
Elliot as a mining engineer and man of science are amply 
attested by the evidence which he gave before the Commission of 
1869-70, and it is because he is at once one of the largest colliery 
owners in the kingdom, and one of the most experienced mining 
engineers—because he has largely assisted the development of 
the Durham coal trade, and because in connection with that 
colossal industry, no name is better known or more respected 
than his own, that we have here associated him with our review 
of coal mining in the county of Durham. Nor is the career of 
Sir George Elliot, wonderful although it may claim to be, one 
whit more remarkable than the career of the trade with which 
he is so intimately associated. When he commenced to work 
at Penshaw Colliery, the total production of coal in the county 
of Durham was not more than 3,000,000 to 4,000,000 tons, 
whereas now it is not less than 24,000,000 tons per annum. 
And if Sir George owes a great deal to Durham, it is equally 
true that Durham owes much to him. 

It is perhaps not too much to say of Sir George Elliot that 
had it not been for his pluck and energy the Atlantic Telegraph 
cable would not to-day have been an accomplished fact. It is 
certain at any rate that it would not have been laid so soon or 
so successfully. Mr. Elliot in 1849 agreed to become sole agent 
of the business of Messrs. Kuper and Company, wire-rope makers, 
who had become bankrupt, and whose business was placed in 
the hands of official assignees. In two years Mr. Elliot had 
succeeded in reducing to a large amount the debts of the con- 
cern, and finding that there was a likelihood of carrying on the 
business with commercial success he purchased for himself 
the wire rope factory, agreeing with the assignees to pay all 
creditors 20s. in the pound, with interest until the money was 
paid, besides agreeing to pay to Messrs. Kuper a handsome sum 
for their reversion. As might be expected the assignees were 
only too glad to accept such a liberal offer. Mr. Elliot then 
invited Mr. Glass (afterwards Sir Richard) to join him in the 
undertaking with a view to its more extensive development. 
Messrs. Glass and Elliot were the first to adapt the principle of 
wire covering to submarine cables, having applied it in that year 
to the Dover cable, and afterwards to cables in other parts of 
the world. The firm of “Glass and Elliot” in the course of a 
few years attained a world-wide fame, and in 1864, after a most 
progressive career, it was merged with the Gutta Percha Com- 
pany into the large concern now known as the Telegraph Con- 
struction and Maintenance Company. 

As everybody must be aware, Mr. Cyrus Field was the original 
projector of the Atlantic Telegraph cable. The story of that 
great achievement has been so often told and it is of so recent a 
date as to be familiar to most of the present generation. It-is 
not necessary, then, here to do more than briefly notice the part 
taken in the good work by the subject of this biography. The 
United States surveying vessel, the “ Dolphin,” was the first to 
discover that there was a tolerable uniformity of depth in the 
Atlantic ocean between Ireland and Newfoundland. A com- 
pany was formed shortly afterwards for the purpose of connecting 
the two continents by a cable, which was laid in 1858, and 
through which 400 messages were transmitted, when the com- 
munication suddenly failed. To form a new company a sum of 
£600,000 was required, and considering the failure of the first 
company it seemed scarcely likely that capitalists would be found 
willing to risk their means in another venture of the same doubtful 
kind. But the practicability of the great work had been fully 

roved, and there were men whose faith could not be daunted 
in the ultimate success of the project. An effort was made to 
get ten men to subscribe £60,000 each. Mr. Pender, of Man- 
chester, Mr. Thomas Brassey, the great railway contractor, Mr. 
George Elliot, Mr. Barclay of London, and Mr. Bewley of Dublin 
came forward as subscribers, but with all the efforts that the 
promoters of the enterprise were able to make, the subscriptions 
did not exceed £285,000. Messrs. Glass and Elliot then came 
forward and offered to take up the whole of the remaining 
£315,000, besides £100,000 of the bonds, and to make its 
own profits contingent on success. This was undoubtedly a 
bold stroke, but it was made by men whose faith was almost 
equal to remove mountains. Owing to a legal technicality 
the splendid offer of Messrs. Glass and Elliot could not 
be accepted. A written opinion was obtained from the then 
attorney general to the effect that Messrs. Glass and Elliot had 
no legal right to insure the 12 per cent. shares on which they 
relied for the purpose of raising the required capital, and the 





money subscribed was therefore returned to the subscribers and 
steps were taken for the formation of another company. Mr. 
Brassey again put down his name for £60,000, and declared that 
if it were necessary he would not hesitate to subscribe another 
£60,000. Ten gentlemen in London each subscribed £10,000 
towards the scheme ; Messrs. Glass and Elliot came forward with 
a subscription of £100,000, and the confidence exhibited by this 
notable firm gave so much encouragement to investors that in 
fourteen days afterwards the whole sum of £600,000 was raised. 
“ Never,” said Mr. Field, in afterwards speaking of the event, 
“ was greater energy infused into any enterprise. It was only 
on the 1st of March, 1866, that the new company was formed, 
and it was registered as a company the next day ; and yet such 
was the vigour and despatch, that in five months from that day 
the cable was manufactured, shipped on the Great Eastern, 
stretched across the Atlantic, and was sending messages, literally 
as swift as lightning, from continent to continent.” 

In the session of 1867, Mr. George Elliot read a paper before 
the Institution of Mechanical Engineers on the paying out and 
picking up machinery employed in laying the Atlantic Telegraph 
cable, in the expedition of 1866. The object of the expedition 
was twofold ; one part being to lay a new cable, and the second 
to recover and complete the one commenced and lost in the 
unsuccessful attempt of the previous year. The general arrange- 
ments on board the Great Eastern steamship, employed on both 
occasions, were similar in both years, but the knowledge and 
experience, which had been so dearly bought in 1865, rendered 
necessary many improvements and alterations in the details of the 
apparatus employed in 1866. These improvements and alterations 
Mr. Elliot described at considerable length. The cable was 
manufactured at the works of the Telegraph Construction and 
Maintenance Works at Greenwich (formerly Glass and Elliot’s), 
and no one took a more active interest in its progress than the 
subject of this memoir, who has continued a director of the 
Telegraph Construction Company to the present time, and who 
has also filled a prominent place amongst the capitalists to 
whose enterprise the world has been indebted for the various 
lines of submarine cables to various parts of the world. 

In May of this year Mr. Elliot was offered by Mr. Disraeli 
the distinction of a baronetcy, in acknowledgment of his valuable 
public services. The honour was tardy in its arrival, for Mr. 
Elliot was not less worthy than the other distinguished men who 
received baronetcies after the laying of the Atlantic cable; for with 
all the science that these eminent men were able to bring to bear 
on their several duties, the commercial difficulties of the under- 
taking were such as might have made science unavailing had 
not men like Mr. Elliot been at the helm. Now, however, that 
he has received a recognition of his labours, no one is likely to 
grudge him the honour. As a politician Sir George is a mode- 
rate but staunch Conservative, who does not shrink from the 
greatest personal sacrifices for the cause. In contesting North 
Durham this year, and in connection with the different election 
petitions arising out of that contest, he is known to have spent 
vast sums, and it is worthy of note that out of the thirteen con- 
stituencies in his native county, he himself holds the only seat 
occupied by a Conservative. 


THE BRITISH ASSOCIATION AT BELFAST. 


August 24th, 1874. 
HE forty-fourth annual meeting of the British 
d| 3272] Association for the Advancement of Science, was 
*e} [ny opened on the 19th inst., at Belfast. _ 
WN »), The inaugural address of the president, Pro- 
O) fessor Tyndall, was unlike any preceding one, 
= == inasmuch as its contents were entirely beyond the 
pale of what the Association professes to promote. Professor 
Tyndall’s address was much more of a controversial disserta- 
tion on metaphysics, than a scientific discourse. Not that the 
speech was bare of any point of scientific interest ; there was, 
for instance, a condensed sketch of the origin and rise of the 
doctrine of atoms from Democritus, 460 B.c., down to William- 
son in our days, but the subject was treated so as to completely 
leave aside all such evidence as could be adduced from the 
investigations of modern days. We by no means question the 
intrinsic value of the address, nor do we think that any objection 
could be raised on account of its coming from Professor Tyn- 
dall ; what we take the liberty of disapproving is, that the presi- 
dential chair of the British Association should have been chosen 
for the sending forth of views and speculations which cannot 
bear the test of a strictly scientific analysis. 
In giving some notes on the proceedings in the various 
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sections, we must, of course, restrict ourselves to such papers 
as come within the programme of this magazine. The sections 
which mostly will contribute to these lines, are the Physical, 
Chemical, and Mechanical ; but we have come across commu- 
nications outside these sections which deserve at least a passing 
mention. 

The Chemical section was opened with an historical résumé 
of the modern development of theoretical chemistry, by Pro- 
fessor Crum-Brown. He first pointed out that the phlogistic 
controversy, which resulted from the discovery of oxygen, termi- 
nated in the total defeat of the phlogistists and the entire 
destruction of their theory. The issue of the next great 
chemical controversy, that between the dualistic theory of 
Berzelius and the substitution theory of Dumas, Laurent, and 
Gerhardt, was very different. Some historical writers argue as 
if here also the new doctrine had superseded the old; but the 
speaker maintained, as a more correct view of what really took 
place, that each theory underwent independent development ; 
and, inasmuch as both were sound, though imperfect, this 
development has now brought them very nearly to the same 
point. He illustrated this statement by an examination of the 
views of Berzelius as to the constitution of acetic and trichlor- 
acetic acids and the constitution of ternary compounds, and 
showed how the difficulties involved in some of these cases 
were cleared up by the discovery of the multequivalent character 
of the atoms of certain elements. Dr. Brown defined chemical 
constitution as the order in which the constituents are united in 
the compound, and pointed out that the study of chemical 
changes (combination and decomposition) cannot lead us to a 
knowledge of the relative position of the atoms. But sucha 
knowledge is required before a real theory of chemistry can be 
attained, and a knowledge of the intimate structure of matter 
may be looked for from an examination of the physical properties 
of substances, and comparison of these with their chemical 
constitution. This, he maintained, is truly a branch of chemistry, 
and the greatest progress in it has been made by chemists, as 
may be proved by reference to the works of Faraday, of Graham, 
and of Andrews. By pursuing this branch discoveries may be 
made which will lead to a hypothesis directly connecting 
chemistry with dynamics, and enabling us to apply mathe- 
matics directly to chemistry. The theory of chemistry will 
then be a particular case of the theory of dynamics. Sucha 
result must be expected by all who believe in the progress of 
human knowledge and in the consistency of nature. 

Dr. Andrews related some experiments at high temperatures. 
He began by giving a description of the method which he em- 
ployed in his experiments on the continuity of the liquid and 
gaseous states of matter to obtain in closed vessels connected 
with fine capillary glass tubes pressures reaching to 100 and even 
300 atmospheres. This is effected by a conical connection be- 
tween the glass and metal, and by introducing a well-packed 
steel rod into the interior of the apparatus, which is filled either 
with water or mercury. It would be impossible in an abstract 
to render intelligible the many ingenious devices by which the 
arrangements for these objects have been brought to almost a 
perfect state. The professor next proceeded, in a few words, to 
refer to some of the later results which he had obtained. The 
compressibility of liquid sulphurous acid was stated (unlike that 
of water) to diminish as the pressure increases. But the most 
elaborate experiments referred to were made on a mixture of 
three volumes of carbonic acid to four volumes of nitrogen, and 
graphic curves were shown exhibiting the result of compressing 
this mixture to 300 atmospheres of pressure at various tempera- 
tures, from 2° to 48° C. The very important result was an- 
nounced, that even at 2° the carbonic acid in such a mixture 
could not be liquefied under any pressure. In short, the critical 
point (a term introduced into this branch of science by Dr. 
Andrews) of carbonic acid becomes lowered many degrees 
when that gas is mixed with a non-liquefiable gas such as 
nitrogen. 

Professor Williamson briefly referred to the result and influ- 
ence of the experiments, and attributed great importance to them, 
and the explanation as given by Professor Andrews. He hoped 
that the experiments would be continued. 

Professor Clerk Maxwell, Professor James Thomson, and the 
president also addressed the section on the subject. The latter 
agreed with the other speakers on the importance of the experi- 
ments. 

W. Ladd read a paper on “ The Construction of large Nicol’s 
Prisms.” He said he had constructed two Nicol’s prisms in 1869 
of about 2} inches diameter, which had done much good work, 
and are in good demand in England and America. The length 
of a great prism should be about three times its diameter, but 
pieces of spar of sufficient purity to give such a field are seldom 
procured. This has given rise to various methods of utilising 
the spar by building up prisms of shorter pieces, combining them 











in such a way as to unite their field of view. Mr. Ladd then 
described how this could be done. 

Professor G. C. Foster read a report from a committee ap- 
pointed to investigate the working of Siemens’ pyrometer. The 
committee consisted of the following gentlemen :—Professors 
Williamson, Sir Wm. Thomson, Clarke Maxwell, G. C. Foster, 
F. Jenkin, Dr. Siemens, and Mr. R. Sabine. The committee 
continued their former reports as to the degree of accuracy 
which could be allowed by the use of this delicate electrical in- 
strument. After a description of the instrument, the committee 
reported that it was found that changes of resistance amounted 
to ‘ool o. h. m., or to about 10,0ooth of the quantity of heat to 
be measured, which could be deducted without much difficulty. 
They then developed the mathematical formula for the correc- 
tions to be applied in making the observations with the instru- 
ment. They concluded by stating that a comparison of the 
results given proved that repeated measurements, by the same 
pyrometer, without intermediate heating, often gave almost 
identical results if they were made within a few days of each 
other, but that measurements made after an interval of a few 
months sometimes slightly differed from the results previously 
found, and they stated that such changes are probably due to 
alterations of the unsoldered connections of the conducting 
wires. But, whatever their cause, they were probably met with 
in actual practice if the pyrometers were used during long periods 
of time. 

Mr. Dewar was sure that al! chemists would read with great 
pleasure this reiteration of the important information communi- 
cated last year by Professor Foster, but now guaranteed. By it 
many difficulties that prevented the determination of specific 
heats at high temperatures would be obviated. Any other in- 
strument than the one mentioned in the address was extremely 
laborious, and to get satisfactory results took a much longer 
time than was necessary by this pyrometer. He was sure, from 
the constancy of the results just detailed, that they could now 
manage much better to get correct results at high temperatures. 

W. Chandler Roberts read the joint report prepared by Dr. 
Wright, Dr. Gladstone, and himself, on “The Chemical and 
Optical Properties of Essential Oils.” The investgations had 
now been continued for three years, and the result of the ex- 
amination of oil of wormwood, oil of citronella, and oil of 
cagiput proved that many of the constituents of essential oils 
are Closely related to the hydro-carbon cymene, this body being, 
as it were, the central form of matter from which the Tuerbenes 
and their derivatories are all formed. The report concluded by 
stating that as yet no reasonable prospect of success had been 
attained in their attempt to determine the different amounts of 
the energy involved in those operations which yield isomeric 
products in the operations whereby cymene is converted into 
camphor ; the one great difficulty in the way being the almost 
impossibility of obtaining absolutely pure homogeneous sub- 
stances to operate upon. 

Professor Hodges read a lengthy paper on the chemical com- 
position of jute fibre. Fifty years ago the fibre of the jute plant 
was to be found only in our museums ; now the quantity of it 
introduced into the United Kingdom almost equals that of the 
flax which we import, and exceeds the annual importation of 
hemp, and owing to the improvements which have been effected 
in the processes for its preparation, and especially in the 
methods of bleaching, it is, I believe, destined to occupy in 
future a far more important place among the raw materials of our 
textile manufactures. The plant which yields the fibre known 
in commerce as jute, a name which is supposed to be derived 
from a corruption of the Bengali name of the plant, is a mem- 
ber of the family Tiliacez, the linden or lime-tree family, which 
from remote periods has been cultivated by the natives of 
Southern Asia for textile purposes. Two species of it are used 
for the production of fibre—Corchorus capsularis, and Corchorus 
olitorius, and both kinds are found in the jute brought to this 
country. The corchorus is an annual, the seeds of which are 
sown broadcast in the months of March and April, on ploughed 
land along the sandy banks of rivers, usually neither irrigation 
nor manure being required. In August, before the seeds, which 
replace the small yellow flowers of the plant, have ripened, and 
when the stems have attained the height of about 12 ft., the 
crop is cut ; when the seed is allowed to become fully ripe, as is 
also the case with flax, the fibre becomes stiff and hard, and the 
stem is rendered of a reddish colour. The stalks, when cut, are 
tied in bundles and placed in tanks, usually of dirty water, and 
allowed to ferment or “ ret” for five or six days, and then taken 
out and swung about repeatedly in the air, by which the long 
fibres are separated from the brittle wood which constituted the 
bark of the stem, and thus prepared, the fibres are dried by ex- 
posure on the ground to the air, and when dry, packed in round 
bundles for the market. The treatment of the plant for the 
separation of the fibre is, therefore, precisely like the ordinary 
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methods used by farmers in this country in the preparation of 
the flax fibre. The produce of jute far exceeds that of flax, 
being, it is stated, five times as great as that which flax affords. 
Though India is the great seat of jute cultivation, and supplies 
the fibre used in this country, yet the jute plants, especially Cor- 
chorus olitorius, have been long cultivated in China and other 
Eastern countries. Experiments have been made to grow the 
plants for textile purposes in the Southern states of America, on 
the banks of the Lower Mississippi, and also in Algiers, and it 
is said the results are encouraging. 

Inthe monthly reports of the Department of Agriculture of 
the United States of America, it is stated there were lately in the 
States 200 looms working jute. 

For some time after the introduction of jute the opinion pre- 
vailed that it could not be bleached, and was, therefore, of little 
value as a textile material. Experiments made at several times 
proved that this was a mistake, but until lately scarcely any pro- 
gress had been made in improving the qualities of the fibre, or 
giving it the whiteness of linen fabrics. The difficulties, however, 
which retarded the success of jute bleaching have, during the 
present year, been completely removed by the application of 
methods which have been patented by my son, and which 
are at present in operation, at works erected for the purpose 
by Mr. W. S. Johnston, of this town, at Mile-cross, near New- 
townards, in the neighbouring county of Down. In the process 
employed, the cloth or yarn, by means of ingeniously arranged 
machinery, is made to pass in succession through baths of 
alkaiine solution and hypochlorites of magnesia and soda, the 
magnesia used being economically obtained from kieserite, which 
is found in large quantities in Germany in the kainite deposits, 
and has ‘hitherto been regarded as of little commercial value. 
The length of the fibre of the jute of commerce is frequently no 
less than 12 ft., usually the lower end near the ground is dark 
coloured and woody. At first the fibre is colourless, or only 
slightly coloured, but some kinds after a time become darker, just 
as wood darkens in colour by the action of the air. Many speci- 
mens preserve a dull yellowish colour, and in appearance can 
with difficulty be distinguished from the finer qualities of hemp. 
The microscope, however, shows us that the structure of the jute 
is different from that of any of our common textile fibres ; thus, 
while a fibre stripped from the flax plant is shown to consist of 
bundles of cells, with thick walls and somewhat circular outline, 
and exhibiting a very minute central space, the wall of the jute 
cell is of very irregular thickness, and the central space does not 
conform to the external outline, but at one part will be found 
wide, while at another part it dwindles to a mere line. By this 
remarkable difference in the contour of the inner and outer cell 
walls, jute fibre is distinguished from flax, hemp, cotton, and 
New Zealand flax. The application of the sulphate of aniline 
proposed as a re-agent for woody matter, by Runge, and recom- 
mended by Professor Wiesner, of Vienna, also affords us assist- 
ance in distinguishing it from both hemp and flax fibres. 
Thus while hemp is scarcely at all affected by this action 
of the re-agent, and flax unchanged in colour, the jute 
fibre shows that it contains a large amount of woody matter 
by becoming of a deep golden yellow colour. The sulphate, 
however, does not enable us to distinguish jute from several 
other Indian fibres. In connection with the technical pre- 
paration, bleaching, &c., of the jute fibre, I lately commenced 
a series of investigations which, though not so far advanced as I 
had hoped, may not be destitute of interest. The samples of 
fibre which I submitted to examination were kindly supplied to 
me by Mr. Sibbald Johnston, proprietor of the Kiltonga Bleach- 
works, and were of the kind known as “ red seraigunge.” The 
fibre had a faint red colour, and measured in length t1oft. gin. 
It had been prepared in the ordinary manner, and, of course, 
contained only those constituents of the plant which remained 
attached to the cellular structures, after being subjected to the 
process of retting. Portions of the fibre cut into small pieces, 
after being treated with distilled water, and boiled for several 
hours, gave an acid solution of the colour of pale ale, which 
evolved an odour which suggested the aromatic smell of moist 
flax yarn. On evaporation over the water bath, it left a brownish 
black extract, which, in appearance, resembled black currant 
jelly. It was translucent at the edges, and was easily reduced to 
a light brown powder. This extract amounted to only 0°726 per 
cent. of the fibre, and was found to contain sugar and a tannic 
acid which gave an olive green precipitate, with persalts of iron, 
a fatty substance, and a brown red colouring matter. The ex- 
tract was in part soluble in alcohol, and, heated on platinum, it 
carbonized without melting, leaving a white ash. It contained 
no starch. The fibre employed, dried at 212°, was found to con- 
tain 15°5 per cent. of moisture, and when incinerated to leave 
1°329 per cent. of ash of a pale yellowish white colour, treated by 
the successive action of solvents, according to the methods de- 
scribed in my report on flax, and the amount of nitrogen deter- 











mined by Wills’ method, both in the original samples and in the 
fibre after the action of the solvents. With respect to the magni- 
tude of the jute manufacture, I may state, that in the present 


year one hundred thousand tons of the fibre were imported into - 


Dundee alone, by direct shipment from Calcutta, while London, 
Liverpool, and Glasgowreceived probably halfasmuch more. The 
rapidity with which, by means of improved machinery, it can be 
manufactured, may be judged from the fact that, since the open- 
ing of the Suez Canal, the fibre has been delivered in Dundee, 
spun and woven, and the goods shipped back, and paid for, 
within six months from the date of the bill of lading. At the 
present time, jute is used for the manufacture of a great variety 
of fabrics. In fact, it will serve for the production of every kind 
of coarse textile materials. It is even used as a substitute for 
hair, and can be formed into admirable chignons. The dust 
from the mills is employed to make silk hats, and the waste fibre 
yields an excellent pulp for the paper manufacture. Stair carpets 
of jute, with bright colours, can be sold at threepence per yard, 
and woven into what are known as carpet bed covers, a fabric 
which is produced at not more than one-third the price of wool. 
Dr. Hodges exhibited several specimens of jute products, coloured 
and uncoloured. 

Professor Corfield read the report of the Committee on “ The 
Utilisation of Sewage.” It contained an account of the various 
crops grown between March 25th, 1873, and March 24th last, at 
the sewage farm which had been the subject of so many of the 
committee’s investigations. The chief point of interest brought 
out in the report was, that during the year in question 37°7 per 
cent. of the nitrogen brought to the farm in the sewage was re- 
covered in the crop, the amounts during the previous years 
having been 26 and 41°76 per cent. The differences were chiefly 
due to the fact that very different quantities of crop were left 
standing at the end of each year. The per-centage of nitrogen 
recovered was 34°6 per cent. of that applied during the three 
years. The address pointed out the necessity of carrying on 
these quantitative investigations for several years, so as to get 
true averages ; and stated that the committee had been promised 
assistance by a gentleman who was interested in the matter, and 
that they would be able to make their investigations more com- 
plete next year. The funds having been exhausted, the com- 
mittee were unable last year to carry on the gauging and analyses 
necessary for the carrying out of the work they had undertaken. 

Professor Williamson said the main point dealt with by the 
report was—What proportion of the combining nitrogen sup- 
plied to the soil in the sewage could be found in the plants which 
were grown during the agricultural year? If it could be clearly 
established by experiments on a sufficiently large scale—such as 
those carried on on Breton’s farm—that a large proportion of 
the combined nitrogen did pass into the growing crops, the 
question was then prepared by that fact for very important uses. 
The per-centage which had been found by the observations 
made for some years necessarily varied somewhat. In the first 
of the three years, the per-centage was something about forty, 
in the second, less twenty-six, and in the third year the estimate 
was 37°7. All these proportions appeared to men well versed in 
the facts and conclusions prepared in this matter to be ex- 
ceedingly great ; indeed, the only wonder was that so much of 
the combined nitrogen, put in in the form it was, had been found 
in the crops grown on the soil. The soil on which the experi- 
ments had been made could hardly have supplied anything ; 
indeed, it could hardly be called soil at all except as a merely 
complimentary expression. There was sixty per cent. of flint in 
it, thirty per cent. of sand, and the rest was mere gravel. Not 
only had a very considerable quantity of nitrogen been traced to 
the plants, but it had been proved that after several years of 
that treatment the soil had become very considerably enriched, 
and the nitrogen that was not found in the plants was, of course, 
retained in the soil, and would be valuable for future crops. It 
had been felt by the committee and by others, who had watched 
with interest the progress of these experiments, that in order to 
yield reliable results the experiments should be continued for a 
considerable number of years, in order to obtain reliable results 
in matters so much complicated as that in question, where the 
result on the crops grown in any one year might be too favour- 
able, or might possibly be less favourable than warranted. The 
only trustworthy conclusions will be those based on the most 
careful observation extending over a considerable number of 
years. They had been informed by the reporter that during 
the last year the committee had been in what he might call a 
state of suspended animation, and they had given the 
governing body of the Association to understand that 
they did not again intend to make any demands on the 
funds of the Association, and it was felt, that without a correct 
analysis of the sewage supplied and of the quantity of nitrogen 
in the crops, the experiments could not do what they ought to 
do. The section would hear with satisfaction that this difficulty 
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had been met in a manner which would prove a real benefit to 
accurate agriculture, by the gentlemen consenting, in the most 
noble manner, to give the funds necessary to carry on the 
analysis. If they thought proper to re-appoint the committee 
without any grant, the labours of the committee promised to be 
continued in a manner which would be favourable to their obtain- 
ing accurate and trustworthy data upon that most important 
point, and it would be hard for the committee to do more than 
that. 

Dr. C. R. A. Wright read a highly interesting communication 
on some opium derivatives. The researches described in the 
paper elicited great praise from Dr. Debus, one of the vice- 
presidents of the Section. 

Section A., comprising Mathematical and Physical Science, 
was opened by Prof. Jellett with an address which was of a 
purely theoretical nature. 

W. F. Barrett presented the report of the committee on the 
molecular changes accompanying magnetisation. Detailed a 
number of experiments which had been made by himself and 
Professor Guthrie. Asa result of these experiments it had been 
found that just before an iron wire passed to a red heat a 
momentary contraction occurred, and after that the expansion 
proceeded regularly. Other changes accompanied it. If the 
wire was first raised to a white heat, and then cooled to a dull 
red heat, a momentary elongation occurred. If in the dark at 
this moment the wire became invisible and ceased to glow, 
although the sources of heat continued unchanged, it then glowed 
again with a bright red heat. The same phenomenon was ob- 
served in nitrogen and carbonic acid. This elongation or con- 
traction was more marked the greater the tension of the wire. A 
very audible click, such as would be emitted by an iron bar when 
magnetised, was emitted by the wire. These phenomena were 
more sharply marked when steel wire was used. Pianoforte wire 
answered well for the experiment. These experiments had last 
winter been shown to Professor Tait, who repeated to him (Pro- 
fessor Barrett) some experiments he had made on the thermo- 
electric properties of iron, and it was found that the temperature 
at which the transition remarked by him took place was the same 
as that at which the phenomena referred to occurred. 

Professor Weidemann, of Leipzig, enumerated several experi- 
ments on the magnetic properties of chemical compounds. He 
commenced by referring to former experiments, which had 
given the following results :—(1) That the magnetism of a mole- 
cule of the equally constituted salts is the same ; (2) that the 
molecular magnetism of the salts of peroxide of iron is greater 
than that of the salts of protoxide of iron ; (3) that the magnetism 
of colloidally-dissolved peroxide of iron is only one-fifth ef that 
of the peroxide combined with acids. Acting upon these results, 
he, by recent researches, proceeded to determine the division of 
peroxide of iron between water and acids, or the dissociation of 
iron and salts by water. He found that by adding one molecule 
of sulphuric acid to one molecule of peroxide of iron only 75 per 
cent. of one molecule of sulphate of iron was formed, 25 per cent. 
of the molecule of the acid and of the peroxide remaining free 
in the solution. By adding more acid the quantity of free oxide 
was gradually diminished. By dividing the quantity of sulphate 
of iron formed by the quantity of acid employed, one obtains 
the quantity of salt formed for each molecule of acid. This 
quantity is nearly at its maximum when the rate of the mole- 
cular quantities of peroxide and acid is 1:1. Similar results 
were obtained with other acids. By adding two acids to per- 
oxide of iron in the same way the division of the peroxide 
between these acids and the water might be determined. 

Professor Stokes spoke on improved lenses for telescopes. 
He said that Mr. Harcourt, thirty or forty years before his 
death, began a long series of experiments in the manufacture of 
different kinds of glass for the purpose of finding out the 
relationship between the chemical composition of glass and its 
optical properties. He was aided in the work by a grant of 
money from the British Association. With some of the speci- 
mens made, containing terborate of lead or titanic acid, it 
seemed to be possible to construct a telescopic objective which 
would get rid of secondary dispersion; and he (Professor 
Stokes) had read a paper on the subject at the British Associa- 
tion at Edinburgh. Since then Mr. Grubb, of Dublin, had 
ground one of the discs into a lens for him, and the results had 
justified his anticipations. One of the severest tests for achro- 
matism to which a telescope could be put was to direct it towards 
some vertical chimneys standing out in relief against a bright 
sky, and then to cover half of the object-glass of the telescope. 
Fringes of colour, due to secondary dispersion, would, appear 
alongside the chimneys, and it ought to be greenish yellow ; but 
with a common object-glass, green and purple would be seen on 
the two sides of the object. The lens under notice would bear 
the test ; so it proved practically that it was possible to get rid 
of secondary dispersion if opticians could manufacture the 











glass ; the piece of glass made by Mr. Harcourt was not perfect ; 
it was dull. It would not be well to destroy secondary dispersion 
altogether, since it could be rendered practically harmless with- 


| out using too severe curves in the lenses ; still the curves would 


not be so very great, even if it were desirable to get rid of 
secondary dispersion entirely. Phosphatic glass might answer 
the same purpose, but it was too ———— and too soft. 
Further experiments were to be made in the attempt to manu- 
facture glass to get rid of secondary dispersion. 

Mr. Nixon read a paper by Mr. W. Symons on a cheap but 
convenient galvanic battery; each of the zinc plates was two 
inches square, and covered with fustian or other fabric, outside 
which thick copper wire was wound to form the other plate ; the 
exciting liquid was weak chloride of zinc. Pairs of plates thus 
made could be arranged in series to form a battery to give out 
weak currents for a great length of time. 

Mr. Nixon read another paper by Mr. Symons on a new 
method of decomposing non-conducting liquids, such as oils and 
bisulphide of carbon, by electricity. He first prepared what he 
called “ferric ether” as follows :—He took a solution of zinc 
chloride in alcohol and ether and shook it up with “guor ferri 
perchlor. fort. P. B. n this “ ferric ether,” oils, bisulphide of 
carbon, and other non-conducting liquids may be brought under 
the influence of weak galvanic currents for many days. In 
several of his experiments bisulphide of carbon was decom- 
posed and a substance obtained resembling spermaceti. Was 
it possible to crystallize out pure carbon by any process of this 
kind ? 

Professor G. C. Foster read a paper describing a new method 
of making absolute measurements of electrical resistance. A 
measurement of this kind was made by a committee of the 
British Association some years ago, and the result is preserved 
in the shape of a standard coil. More recently, Professors 
Kohlrausch, of Darmstadt, and Lorenz, of Copenhagen, have 
made similar determinations, which differ in opposite directions 
from the determination of the British Association committee, each 
to the extent of about 2 per cent. It is therefore clearly de- 
sirable that fresh experiments should be made, and the object of 
Professor Foster's communication was to suggest a method by 
which he believed that some of the chief difficulties in previous 
experiments might be avoided. In this method there is a re- 
volving coil of wire, whose extremities are connected through a 
commutator with two points in the circuit of a galvanic battery, 
and the adjustments are to be such that no current passes in the 
coil. Irregularities of resistance at the places of contact with the 
commutator will then have no injurious effect. 

Professor Roscoe submitted a very interesting description of 
an apparatus which has been constructed, by which the tint pro- 
duced by the exposure of a certain prepared sensitive paper to 
the sun can be measured on a self-registering principle, and 
whereby can be ascertained with a great degree of accuracy the 
relative amount of chemical action falling upon the earth’s 
surface from the sun, and the variations which take place from 
hour to hour, and day to day, and season to season, in that 
action. 

Unusually rich were the contributions to the Mechanical Sec- 
tion, which opened with an address by Professor James Thomson. 
He said :—In railway engineering, one of the most important 
topics for consideration, as it appears to me, is that which relates 
to the abatement of dangers in the conducting of the traffic. The 
traffic of many of our old railways has become enormously in- 
creased in recent years. With the construction of new lines the 
numbers of junctions, stations, and sidings have been greatly in- 
creased ; and each of these entails some attendant dangers. As 
a natural consequence of the increased traffic on old railways, 
the additional traffic on new lines, and the increased complexity 
of the railway system as a whole, there have been during recent 
years more numerous accidents than in the earlier times of rail- 
ways. It is to be recollected, however, that with a greater 
number of people travelling daily, more numerous accidents 
might be expected, and that their increased frequency, on the 
whole, does not necessarily indicate increased danger to the 
individual traveller. Referring to the statistics of railway 
accidents published by the Board of Trade in Captain 
Tyler’s report for the year 1873, 1 find, for various periods during 
the last twenty-seven years throughout the United Kingdom, the 
proportion of passengers killed from all causes beyond their own 
control to the number of passengers carried to have been as I 
shall now state in round numbers :—In the three years, 1847, 
1848, 1849, proportion of number killed to number carried, 1 in 
4,782,000 ; in the four years, 1856, ’57, 758, and ’59, I in 
8,708,000 ; in the four years, 1866, 67, ’68, and ’69, 1 in 
12,941,000 ; in the three years, 1870, ’71, ’72, I in 11,124,000 ; 
and in the single year, 1873, I in 11,381,000. It is thus gra- 
tifying to observe that, in spite of the increased risks naturally 
tending to arise through the increased and more crowded traffic, 
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and the more complicated connections of lines, the danger to 
the individual traveller is now less than half what it was twenty- 
six years ago ; at least this result is indicated in so far as we can 
judge from the statistics of deaths of passengers from causes 
beyond their own control. That the conducting of the traffic of 
railways still involves hazards far from inconsiderable, and that 
we have much to wish for towards abatement of dangers of 
numerous kinds, is proved by the fact that during the single 
year 1873 there have been killed of the officers and servants of 
the railway companies in the United Kingdom 1 out of every 

323; so that at this rate, extended through a period of, for ex- 
ample, twenty years’ service, there would be 1 out of every 16 of 
the officers and servants killed. 

These deaths of officers and servants are not to be supposed 
to be caused in any large proportion by collisions, and by other 
accidents to trains in rapid motion. The great majority of them 
arise in shunting and other operations at stations and along the 
lines ; and occur in numerous ways not beyond the control of 
the individuals themselves. 

In respect to the conducting of the traffic of the trains in 
motion, it appears to me, on the whole, that when we consider 
the vast complexity of the operations involved in working many 
of our ramified and crowded railways, and when we consider the 
indefinitely numerous things which must individually be in 
proper order for their duty, and must be properly worked in due 
harmony by men far away from one another, some stationed on 
the land, and others rushing along on the engines or trains, the 
wonder is, not that we should have numerous accidents, but that 
accidents should not be of far more frequent occurrence. 

Gradually, during a period of twenty or thirty years past, a 
very fine system of watching, signalling, and otherwise arranging 
for the safety of trains has been contrived and very generally 
introduced along our principal lines of railway. In saying this, 
I allude chiefly to the block system of working railways, with 
the aid of telegraphic signals and interlocking mechanisms for 
the working of the points and signals. In former times it was 
customary to allow a certain number of minutes to elapse after 
a train passed any station, or junction, or level crossing, or other 
point where a servant of the company was stationed, before the 
succeeding train was allowed to pass the same place. Thus, at 
numerous points along the line, a time interval was preserved 
between successive trains. It was quite possible, however, that 
the foremost of the two trains, after passing any of these places 
where signals were given, might become disabled, or might 
otherwise be made to go slowly, and that the following train 
might overtake it, and come into violent collision with it from 
behind. In order to provide against the occurrence of such 
accidents the block system was introduced. 

Further, at each signal station, the various levers or handles 
for working the points, and those for working the semaphore 
signals for guiding the engine drivers, instead of being, as was 
formerly the case, scattered about in various situations adjacent 
to the signalling station, and worked often some by one man and 
some by another, without sufficient mutual understanding, and 
without due harmony of action, are now all usually brought to- 
gether into one apartment, called the signal cabin. 

The interlocking of the mechanisms for working the points, 
and for working the semaphores, which, by the signals they 
show, control the engine-drivers, consists in having the levers 
by which the pointsmen work these points and signals so con- 
nected that the man in charge cannot, or scarcely can, put one 
into a position that would endanger a train, without his having 
previously the necessary danger signal or signals standing so as 
to warn the engine-driver against approaching too near to the 
place of danger. 

The latest important step in the development and application 
of the block system is one which has just now been made in 
Scotland, on the Caledonian Railway. The new change, or im- 
provement, now made on the railway consists mainly in arrang- 
ing that along a line of railway the semaphore arms are to be 
regularly and ordinarily kept up in the horizontal position for 
prohibiting the passage of any train, and that each is only to be 

ut down when an approaching train is, by any electric signal 

rom the cabin behind, announced to the man in charge of that 

semaphore as having entered on the block section behind, and 
when, further, that man has by an electric signal sent forward 
to the next cabin in advance, and inquired whether the section 
in advance of his own cabin is clear, and has received in return 
an electric signal, meaning, “The line clear ; you may put down 
your debarring signal, and let the train pass your cabin.” 

_ The mechanisms and arrangements I have now briefly men- 
tioned are only a portion of the numerous contrivances in use for 
abatement of danger in railway traffic. It is to be understood 
that by no mechanisms whatever can perfect immunity from 
accidents be expected. The mechanisms are liable to break or 
to go wrong. They must be worked by men, and the men are 








liable to make mistakes or failures. We shall continue to have 
accidents ; but, if we cannot do away with every danger, that is 
no reason why we should not abate as many dangers as we can. 

Within the past twenty years very remarkable progress has been 
made in steam navigation generally,and more especially, I would 
say, in oceanic steam navigation. In this we meet with the 
realization of great practical results from the combination of im- 
proved mechanical appliances, and of physical processes de- 
pending on a more advanced knowledge of thermo-dynamic 
science. The progress in oceanic steam navigation is due mainly 
to the introduction jointly of the screw propeller, the compound 
engine, steam jacketing of the cylinders, superheated steam, and 
the surface-condenser. For long oceanic voyages it became 
very important or essential to get better economy in the con- 
sumption of fuel. In order to economise fuel, high pressure 
steam, with a high rate of expansion, and with condensation, 
were necessary. Thisled to the practical adaptation for the pro- 
pulsion of vessels of the compound engine, an old invention 
which originated with Hornblower in the latter part of the last 
century, and was afterwards further developed by Wolff. The 
high rates of expansion could not be advantageously used in 
cylinders heated only by the ordinary supply of steam admitted 
to them for driving the piston ; and more especially when that 
steam was boiled off directly from water without the introduction 
of additional heat to it after its evaporation. The knowledge of 
this, which was derived through important advances made in 
thermo-dynamic science, led to the introduction into ordinary use 
in steam navigation of steam-jacketed cylinders, and to the 
ordinary use, also, of superheated steam. With increased efforts 
towards economy of space in the hold of a ship, which became 
the more essential when very long voyages were to be under- 
taken, and with the new requirement of greatly increased pres- 
sure in the steam, the old marine boilers, with their flues of 
rivetted plates, were superseded by tubular boilers more compact 
in their dimensions and better adapted for resisting the high 
pressure of the steam. In connection with these various changes 
the old difficulty of the growth of stony incrustations in the boilers 
became aggravated, rather than in any way diminished. As the 
only available remedy for this,there ensued the practical develop- 
ment, and the very general introduction of the previously known, 
but scarcely at all used, principle of surface condensation instead 
of condensation by injection. Thus a supply of distilled water 
from the condenser is maintained for feeding the boilers. The 
consumption of coal is often found now to be reduced to about 
2lbs. “ser indicated horse power per hour, from having been 4 
to 5 lbs. in good engines in times previous to about twenty 
yearseago. 

Before the times of ocean telegraph cables very little had 
been done in deep sea sounding ; but when the laying of ocean 
cables came first to be contemplated, and when it came after- 
wards to be realised, the obtaining of numerous soundings 
became a matter of essential practical importance. 

A great improvement has within the last two or three years 
been devised and practically developed by Sir William Thom- 
son. Instead of using a hempen sounding line, or a cord of any 
kind, he uses a single steel wire of the kind manufactured as 
pianoforte wire. He has devised a new machine for letting 
down into the sea the wire with its sinker, and for bringing 
both the wire and the sinker up again when the bottom has 
been reached. With his apparatus, in its earlier stage of 
development, and before it had arrived at its present advanced 
condition of improvement, he sourided, in June, 1872, in the 
Bay of Biscay, in a depth of 2,700 fathoms, or a little more than 
three miles, and brought up again his sinker of 30 lbs. weight, 
after it had touched the bottom. A novel feature of great 
importance consists in the introduction of an additional hauling- 
up drum or pulley, arranged to act as an auxiliary to the main 
drum during the hauling-up process. The auxiliary drum has 
the wire passed once or twice round its circumference at the 
time of hauling up, and is turned by men, so as to give to 
the wire extending from it into the sea most of the pull requi- 
site for drawing it out of the sea, and it passes the wire forward 
to the main drum, there to be rolled in coils relieved from the 
severe pull of the wire and sinker hanging in the water. Thus 
the main drum is saved from being crushed or crumpled by the 
excessive inward pressure which would result from two or three 
thousand coils of very tight wire, if that drum unaided were 
required to do the whole work of hauling up the wire and 
sinker. The wire, though exposed to the sea water, is preserved 
against rust by being kept constantly, when out of use, either 
immersed in or moistened with caustic soda. 

I have now to mention a reform towards abatement of dangers 
at sea, which at present is only in an incipient stage of its prac- 
tical application, but which, I am sure, must soon grow into one 
of the important reforms of the future. I refer to the provision 
of means whereby every important lighthouse shall, as soon as 
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it is descried, not only make known to the navigator that a light 
is visible, but also that it shall give him the much more impor- 
tant information of what light it is—that, in fact, it shall dis- 
tinguish itself to him from all other lights, either stationed on 
land, or carried by ships out at sea. The rendering of light- 
houses each readily distinguishable from every other light by 
rapid-timed occulations was urged on public attention by Charles 
Babbage about twenty or twenty-three years ago, in connection 
with a like proposal of his for telegraphic signalling by occulating 
lights. His admirable idea, however, so far as it related to the 
distinguishing of lighthouses, has unhappily been left almost 
entirely neglected until quite recently. Within about the last 
two or three years the subject has, been taken up energetically 
by Sir William Thomson. He has been strongly impressed 
with the enormous importance of the object in question. He 
has perseveringly laboured in making trials in various ways, 
both by the method of partially extinguishing gas flames and 
by the method of revolving screens ; and I have pleasure in 
stating that, as a result of his efforts, a self-signalling apparatus 
is now constructed for the Belfast Harbour Commissioners, who 
are preparing to bring it into immediate use at the screw-pile 
lighthouse at the entrance of the harbour of Belfast. I shall not 
now enter on any description of this arrangement, as I understand 
that the apparatus, which has already been temporarily erected for 
trial in the lighthouse, and has shown good results, is to be exhibi- 
ted and explained to this section by Mr. Bottomley, who, as a 
member of the Board of Harbour Commissioners, has taken an 
active part in the promotion of the undertaking. I wish next to 
make mention of the very remarkable works at present in pro- 
gress in the harbour of Dublin, under the designs and charges 
of Mr. Bindon Stoney. In order to form quay walls with their 
foundations necessarily deep under water, he constructs on land 
gigantic blocks of artificial stone, or, as we may say of concrete 
masonry, each of which is about 350 tons in weight, and which 
are accurately formed to a required shape. After the solidifica- 
tion of the concrete he carries them away, and deposits them on 
an accurately levelled bottom of the sea, so that they may fit 
closely together, and form so much of the quay wall in height as 
to reach above the low tide level ; and soas to allow of the com- 
pletion of the wall above by building in the usual manner by tidal 
work, and to allow of the whole structure being carried out with- 
out the use of cofferdams. These operations are on a scale of 
magnitude farsurpassing anything done before in the construction 
and moving of artificial stone blocks, and their various arrange- 
ments form a very important extension of the methods of construc- 
tion available to engineers for river and harbour works. 

Our house drainage arrangements are habitually disgracefully 
bad ; and this I proclaim emphatically alike in reference to the 
houses of therich and poor. We have got, since the early part of 
the present century, the benefit of the light of gas in our apart- 
ments ; but we allow the pernicious products of combustion to 
gather in large quantities in the air we have to breathe ; and in 
winter evenings we live with our heads in heated and vitiated air, 
while our feet are ventilated with a current of fresh, cold air, 
gliding along the floor towards the fireplace, to be drawn use- 
lessly up the chimney. 

The atmosphere of our large towns, where people live by hun- 
dreds of thousands all the year round, is not guarded against 
needless pollution by smoke jealously as it ought to be. Many 
of the wealthier inhabitants take refuge in living in the country, 
or in the suburbs of the town, as far away as they can from the 
most densely built and most smoky districts ; but the greater 
masses of the people, including many of all ranks, must live near 
their work, and for them at least greater exertions are due than 
have yet been made towards maintaining and improving the 
salubrity and the amenities of our towns. As to the abatement 
or prevention of smoke from the furnaces of steam engines, the 
main requisites have long been very well known ; but sufficient 
energy and determination have not yet been manifested towards 
securing their due application in practice. In too many cases 
futile plans have been tried, and on being soon abandoned, have 
left a strong impression against the trying of more experiments ; 
and this may account in part for the introduction of real improve- 
ments having been so slow. Smoke occurs when fresh coal is 
thrown suddenly, in too large quantity at once, on a hot fire. By 
extreme care a fireman may throw coal into his furnace so 
gradually as to make very little smoke ; but mechanical arrange- 
ments for introducing constantly and uniformly the new supply 
of fresh coal have been devised, and several of these have been 
such as to reduce the smoke emitted to almost nothing. 

W. Bottomley gave a detailed description of lighthouses, with 
special references to the eclipsing apparatus at Holywood Light- 
house. The main purposes for which lighthouses are erected 
are to mark the presence of dangers either of rocks or sandbanks 
which are to be avoided by ships, and to serve as guides for navi- 
gation. To attain these objects, it is absolutely necessary that 











| result from its universal adoption, are able to carry out the 





| the light exhibited shall be easily and certainly recognised as 
| being a particular lighthouse, in a certain position, and no other. 


The mode at present in use for distinguishing lighthouses from 
each other is to have some variety in the lights exhibited, and the 
Admiralty charts mark the different lighthouses according to one 
or other of six different descriptions :— 

1. Fixed or steady. 

2. Revolving. Light gradually increasing to full effect, and 
gradually decreasing to eclipse at equal intervals of one, two, 
or three minutes, but occasionally as often as three times in a 
minute. 

3. Flashing. Showing five or more flashes and eclipses in a 
minute. 

4. Fixed and flashing. Fixed light, with a white or red flash 
in addition, at intervals of two, three, or four minutes. 

5. Intermittent. Suddenly appearing in view, remaining 
visible for a time, and then suddenly eclipsed for a shorter time. 

6. Alternate. Red and white alternately at equal intervals, 
without any intervening eclipse. 

A large majority of the lights on the coast are fixed, a con- 
siderable number are revolving, and out of 514 in the list 
corrected to January, 1871, only 29 belong to the other four 
descriptions. 

It must be evident that such a mode of distinguishing light- 
houses is extremely imperfect. Fixed lights, though usually very 
brilliant, are, at a distance, and in foggy weather, undistinguish- 
able from shore or ship lights near at hand ; and notwithstanding 
the greatest care, one lighthouse may be mistaken for another. 
Revolving or flashing lights might possibly be distinguished by 
their periods if those periods were regularly kept ; but observa- 
tions of such periods require an accuracy difficult to be attained 
at times, and impossible in the trying circumstances in which 
vessels often approach a coast. 

In order, under present arrangements, to make out with 
certainty what any observed light is, it is necessary that the 
master of the vessel shall first ascertain the position of his own 
ship. In many cases this cannot be done even in short voyages, 
but after a long voyage, and with few opportunities of making 
correct observations, errors of many miles may occur in a ship’s 
reckoning. Every year the amounts of shipwrecks show the 
fatal results arising from the mistake of one light for another 
light many miles away. The signal which, properly interpreted, 
should have preserved the mariner from danger, misinterpreted, 
becomes the false guide which lures him to destruction. With 
regard to coloured lights as distinctions in lighthouses, let me 
give the following illustration, which has this morning reached 
my hands :—Portsmouth Harbour—Southsea Castle light, when 
seen from the south, shows a red light to the east of a certain 
line, namely, north-west by north, and shows green to the west 
of that line. A vessel steering in for Portsmouth from the west, 
as it crosses that line, will first see that light green and then red, 
so that it will present precisely the appearance of a sailing ship 
coming out of Portsmouth in the main channel between the 

Spit’s Head and the Horse Sand. It is remarkable that they 
have hit it off exactly to correspond to a ship’s side light— 
namely, green to the right and red to the left—in respect to a 
person looking from the fort seawards. The liability to error 
would have been much less if this had been the reverse—that is 
to say, if the light had been arranged to show green to the east 
of the line south-east by south from the fort, and red to the west 
of that line ; but the fact remains that red and green are at 
present used for the distinction of lighthouses, and shows how 
hard put the founders of a new lighthouse feel themselves to 
give it a character which shall allow it to be distinguished from 
other lights. Southsea Castle, from a considerable distance at 
sea, presents exactly the same appearance as a sailing ship 
heading S.E. by S. 

If, however, we had the means of causing each lighthouse to 
exhibit constantly a light of such a character as could not 
possibly be mistaken for any other lighthouse, for any ship’s 
light, or for any ordinary shore light, the master of the vessel 
would not only at once recognise it as being a particular light- 
house, but would be able at the same time to correct any error 
he had made in regard to his own position, and be able to 
proceed with confidence on his voyage. 

Such a plan was proposed by Charles Babbage, and actually 
exhibited in the Exhibition of 1851. It was officially communi- 
cated by him to all the great maritime governments, and was 
elaborately described by him in a letter to the “ Times,” of the 
16th July, 1855. 

For many years the suggested individualization of lighthouses 
remained unheeded by the public, and neglected by the light- 
house authorities ; but during the last few years the matter has 
attracted the attention of some men of high scientific eminence, 
who, thoroughly convinced of the important benefits which would 
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practical details required for putting it into operation, and whose 
character and position entitle them to press their convictions on 
the government. I refer especially to Mr. Stevenson, and to Dr. 
Tyndall, the scientific adviser of the Board of Trade, and the 
distinguished President of the British Association. 

A modification and improvement of Babbage’s plan has been 
lately published by Sir William Thomson, who proposes that 
each lighthouse shall exhibit from sunset to sunrise a certain 
definite series of eclipses representing one of the letters of what 
is known in telegraphy as the Morse alphabet. 

The Harbour Commissioners of Belfast, impressed with the 
great value and importance of the plan, adopted it for an improve- 
ment on the light on the Holywood Bank, which at present is a 
fixed red light, liable to be mistaken for the red or port light of 
a vessel, and the apparatus now before the section has been de- 
signed for the purpose by Sir William Thomson, and constructed 
by Mr. James White, of Glasgow, for the Commissioners. It 
consists of a horizontal ring of brass revolving on three vertical 
wheels or rollers, and it is kept in its place by three light hori- 
zontal wheels. One of the wheels on which the horizontal wheel 
rests is kept in motion by a descending weight and a train of 
wheels, and the motion is regulated by a governor. The hori- 
zontal ring carries three eclipsing screens, the weight of which is 
counterbalanced by a piece of iron on the opposite side of the ring. 
The screens are at present arranged to give two short eclipses 
and one longer eclipse, corresponding to the letter U of the 
Morse alphabet. A complete revolution occupies 11 seconds, of 
which six seconds is the period of uninterrupted light, and five 
seconds of eclipse. An alteration of the number and position of 
the screens enables us to form any letter of the alphabet that 
may be desired. 

Let me briefly call attention to the construction of the 
apparatus itself, which will no doubt interest the section. The 
general arrangement is, I believe, novel; and there are many 
points which deserve special notice. This centrifugal friction 
governor will probably be new to most present. It was invented 
by Sir William Thomson, and has been employed by him in 
other machines. It is found to give ample steadiness and re- 
gularity of motion. 

I may also call attention to the way in which almost every part 
of the machine is kept in its place by gravity alone, by which 
means friction is avoided and evenness of motion secured. The 
round pivots in the square bearings tend also to regularity of 
motion and the avoidance of friction, and are particularly suitable 
when gravity is the force that keeps the wheels in position. An 
experimental trial has been made by the apparatus on the light- 
house with very satisfactory results, and I hope we shall be able 
to show it at work on thelighthouse before the termination of the 
present meeting of the Association. In the course of a few 
weeks it will be in permanent operation, and I venture to express 
the belief that the success of the plan will keep public attention 
directed to this simple means of rectifying the defects in our 
present lighthouse system, and, in connection with what is doing 
elsewhere, cause the adoption of it, or similar means of distin- 
guishing lighthouses along the coasts of the United Kingdom. 

Dr. Gladstone said he was of opinion that there ought to be 
no fixed lights for lighthouses. The revolving light had great 
advantages, but he considered the periods between brightness 
and darkness in revolving lights were far too long, being some- 
times so much as two minutes. To make a distinction between 
revolving lights, he thought some should revolve quick and 
others slowly. A distinction was sometimes sought to be made 
by the colour of the lights ; but that was also objectionable, as 
it was well known that many persons’ vision was defective as re- 
garded colours. He (Dr. Gladstone) was aware that there was 
at present an admiral in the service who could not distinguish 
colour. Green, for instance, was admittedly an objectionable 
colour for lighthouses, and red was practically the only good 
colour that could be adopted. That colour, too, had the dis- 
advantage of being much used by ships. He considered Mr. 
Bottomley was entitled to their best thanks for bringing the 
matter forward in so satisfactory a manner. 

Mr. E. J. Harland, C.E., exhibited two beautiful models of 
screw-steamers for the purpose of illustrating the screw lowering 
apparatus for ships which he had recently invented. He gavea 
highly-interesting explanation of the apparatus, and stated that 
in some voyages, and especially during those across the Atlantic, 
the wave-line on the side of the ship was very often such as to 
leave the ordinary screw half exposed. Under these circum- 
stances the engineers had only half the work to do, and conse- 
quently were apt to run off at such speed as to injure the 
machinery ; the consequence was that the engineer had to cut 
off a considerable portion of the steam, and as a necessary con- 
sequence the vessel was reduced in speed. To obviate that a 
plan for lowering the screw was being introduced which enabled 
the engineer in heavy weather to keep the vessel going much 




















steadier, with practically very little reduced speed. A large 
amount of useful power was rendered available with the advan- 
tage of the uniform motion. Instead of the engineer being 


obliged at different parts of the day to slow the engines, he was - 


independent of the weather, which became merely a matter for 
the consideration of the captain. In crossing a bar, or when in 
shallow water, the tips of the screw must not be lowered beneath 
the keel. The normal position of the screw was that the tip 
should be in a line with the keel, but when the vessel was in 
more water than she really required, the captain gave directions 
to the engineer in lowering the screw, in performing which 
operation no change was necessary in the speed of the engines, 
and in that position the vessel crosses the ocean. On arriving 
near port the captain gives a counter order to raise the screw. 
In order to prevent the screw coming in contact with fishermen’s 
nets or other obstacles, a small shoe was slipped out when 
necessary under the screw. In Liverpool the demand for ad- 
mission into the graving-docks by vessels which had broken or 
injured their screws was often so great that it was found impos- 
sible to accommodate them all, and the consequence was that 
many vessels had to enter on another voyage with their plates 
or screws in an injured condition. To meet this difficulty it was 
proposed to elevate the screw to such a position as when the 
vessel was half discharged the screw could be repaired and then 
lowered to its former position without being taken into the dock. 
Not more than two minutes were occupied in raising or lowering 
the screw, which was accomplished by means of a small steam 
engine located on the deck. 

An interesting paper on “Coal-mining in Italy,” by P. Le 
Neve Forster, jun., was read by Mr. Forster, sen. The writer 
dealt with the coal-fields which were situated in the Tuscan 
Maremma, which, he said, appeared to have their origin in the 
middle Tertiary series, and by some violent upheaval caused by 
the intrusion of igneous rocks, had been broken up into a series 
of small basins. The coal of that district was of excellent 
qual ty, and it was to the action of heat from the intrusion of 
the serpentine, trachyte and other eruptive rocks that the per- 
fect mineralisation of the vegetable matter might be attributed. 
After describing the situation, extent, and nature of the strata in 
the different basins, many of which were fairly worked, the paper 
pointed out that there were numerous other deposits of coal in 
the valley of the Ombrone towards Monte Amiata, which only 
required an energetic company to developethem. The writer of 
the paper, in conclusion, expressed his opinion that coal-mining 
in Italy had a brilliant future in store, and in the hands of 
English capitalists would become a most profitable undertaking ; 
and if proper care was taken in the selection and purchase of 
mining property, and in their judicious management afterwards, 
the coal mines of the Maremma would yield abundant returns for 
the money invested in them. e 

In arresting a heavy body in motion, it is necessary to exert a 
force equal to the dynamic effect of the weight of the body, mul- 
tiplied by the square of its velocity. Should this be effected in- 
stantaneously, a great concussion is the result. Such being the 
effect experienced when a piece of machinery in rapid rotation 
is suddenly arrested by clogging, causing the teeth of the wheels 
to be stripped off, or the shafts broken or distorted, which fre- 
quently occurs with iron rolling mills, sugar-cane crushing mills, 
and not unfrequently causing the breaking of the screw shafts of 
steam vessels, and all classes of machinery subject to rapidly 
varying strains. To reduce these enormous strains to within 
the working strength of the material of which the machinery is 
constructed, it is necessary to spread the force of the concussion 
over a portion of a revolution, or revolutions, or period of times, 
and so destroy its intensity. Contrivances for effecting this 
purpose have hitherto taken the shape of friction breaks or 
clutches, They, however, are open to the objection that they 
consume a large amount of useful power by generating heat and 
destroying the surfaces by abrasion. The authors describe a 
means of attaining a better result by an hydraulic pressure, 
rendered elastic by placing in the fluid elastic substances—such 
pressure acting against the face of a ram working in a cylinder. 
To convert the longitudinal motion of the ram into the rotatory 
motion of the shaft, they employ the following arrangement :— 
The wheel which communicates the power to the machinery is 
bored to fit freely on a shaft, and has a boss with its face on the 
inner side shaped of a spiral incline or screw form, and which is 
made to bear against an annular plunger, the outer end of which 
is shaped to the contrary screw form. The hole in the plunger 
is bored to the same size as the wheel and works in a cylinder 
fitted concentricly on the shaft which passes through the hole of 
the ram and wheel, the ram being made watertight by suitable 
packings or leather. The outer end or mouth of the cylinder 
has slots or recesses cut into it longitudinally in which lugs or 
projections on the ram work, so that the ram can slide in and 
out the cylinder, but cannot turn without the cylinder turns with 
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it, proper inlets for charging the cylinder with fluid and elastic 
balls being provided. If the shaft be revolving, and the wheel 
driving the machinery is stopped, the ram is immediately pressed 
into the cylinder, and compresses the elastic material placed in 
the fluid by the spirally-inclined faces rising upon one another. 
The wheel at the same time is prevented from moving laterally 
along the shaft by a fixed collar. On the outer side of the wheel 
this motion of the ram allows the shaft to continue its rotation, 
while the wheel is held by a sudden shock or stoppage, so that 
the machinery in such emergencies is gradually pulled up with- 
out being smashed to pieces. In crushing mills, through too 
heavy a feed, the rolls only require to be allowed to slacken in 
speed to admit of the cane yielding under the pressure. When 
the obstacle to rapid rotation has passed the rolls, the pressure 
stored up in the cylinder re-acts on the ram, and by the spirally- 
inclined end acting on the counter-form boss of the wheel, quickly 
brings the rolls to the speed of the driving shaft, and thus uti- 
lizing the force of the strain. 

G. F. Dracon described a differentiative waste-water meter. 
He said that the primary object of the waste-water meter was to 
draw a diagram shewing in gallons per hour the rate of flow 
through it for every instant during any day and night. Placed 
under the street upon a service main for supplying water toa 
district containing 1,000 to 3,000 persons, it affords information 
from which the water engineer may discover the locality of 
waste in an easy and economical manner. The Liverpool waste- 
water meters were being rapidly introduced in Liverpool. There 
were now 4I at work, and 84 were being constructed. Accord- 
ing to the last return, made about a month ago, constant 
supply had been restored in 37 waste-water meter districts, con- 
taining an aggregate population of 88,389 persons, who took on 
the average 16°8 gallons per head per day for domestic pur- 
poses. The average consumption in the remainder of the 
borough, containing 420,824 persons with ten hours’ supply, and 
in the out townships, containing 113,836 persons, with constant 
supply, was 28°27 gallons per head per day for domestic pur- 
poses. The following example of the discovery of a leak in a 
private service-pipe by means of the meter was given :—A dia- 
gram was taken from noon on June 12th to noon on June 13th. 
At twenty minutes past three a.m. on the 13th, a stop-cock 
between Nos. 7 and 9, Langley Place, being closed, brought 
down the consumption from 1,580 gallons per hour. The con- 
sumption again rose on the turning on of the stop-cock at 5.30 
a.m. The waste was found to arise from an old burnt pipe 
directly over a sewer, and there were indications that it had been 
running for years. The leak had failed to be discovered during 
the careful examinations by inspectors, and if not proved to 
exist by the differentiating meter would have remained. After 
repair another diagram was taken from noon on the 2oth to noon 
on the 21st. The saving due to the discovery of this single leak 
reduced the consumption over the whole district of 2,062 persons 
by 10} gallons per head per day, and this water, if supplied to a 
manufacturer, would realize £295 per annum. 

A discussion followed, in which Mr. Bramwell, Sir C. Lanyon, 
Mr. Rogers Field, the president, and other gentlemen took part. 
The various speakers were agreed as to the merits of the meter 
and consequent improvement which would ensue by its intro- 
duction in facilitating the adoption of a constant water supply in 
large towns. Sir C. Lanyon said he knew of no place where 
the meter could be introduced with more benefit than in Belfast, 
and expressed a wish that its use would be shortly adopted. 
The president was of opinion that the introduction into every 
house of a cheap meter of some description, answering the same 
purpose, would be a great advantage. 

G. W. ‘Beynon gave a description of an apparatus for com- 
pensating distant signal wires on railways. He explained that 
in the early days of railways, when trains were few and tra- 
velled slowly, each one was timed to stop at its appointed place. 
Consequently, there was little risk of their interfering with each 
other, and the use of signals worked from a distance was alto- 
gether unnecessary; but as the traffic increased trains became 
more numerous, and their speed was accelerated. A much 
longer distance became necessary for stopping them. This 
necessitated the employment of auxiliary or distant signals worked 
by wires. On the introduction of locking gear, or the system of 
interlocking points and signals, it became of the utmost import- 
ance that these should work perfectly in unison with each other. 
The greatest obstacle to this has been the expansion and con- 
traction of the distant signal wires, varying from half-a-mile to 
a mile in length, caused by the changes in the temperature of 
the atmosphere. This expansion and contraction often amounts 
to as much as 12 inches to 18 inches in the course of an hour or 
so, and is of course quite sufficient to prevent or render undis- 
tinguishable the working of the signal unless attended to by the 
signalman. Various mechanical contrivances have from time to 
time been invented and applied to overcome this difficulty, but 




















have all been found either deficient and uncertain in working 
or too costly to manufacture and maintain in repair ; so the old 
method of the screw connection or ratchet-wheel has been em- 
ployed as the only means of. adjusting the wires of distant 
signals. At the commencement of this year, however, an ap- 
paratus was invented by G. W. Beynon, of 19, Salisbury Street, 
Strand, London, which self-regulates and adjusts the wires of 

signals. It also combines extreme simplicity and non-liability 

to get out of order with cheapness of manufacture. It consists 

of the use of a flat iron bar, the proportion of its depth to thick- 

ness being about three to one, running upon its edge between 

grooved rollers contained in cast-iron brackets. To the front 

end is fastened the wire to the signal, and to the other is attached 

a chain having a weight at the end of it sufficient to keep the 

work in a state of tension. Upon this bar slides a frame con- 

taining two clutch blocks. As long as the frame remains at 90° 

the bar is free to move backward or forward between its rollers 
as expansion or contraction may require, but when pulled so as 

to increase the angle, the blocks seize the bar, and draw it 
through its rollers a sufficient distance to efficiently work the 
signal. This apparatus, unlike all others, gives a direct pull on 
the wire, so as to haul in all slack, the weight serving to control 
and keep the wire in a state of tension. This machine has been 
at work for nearly five months upon a signal distant five-eighths 
of a mile, situated at the West Junction Box, Reading, Great 
Western Railway. Ever since, it has thoroughly fulfilled its 
object and given the greatest satisfaction. Two machines have 
also been applied and at work for some time on two signals, 
semaphore and disc and cross-bar, five-eighths of a mile distant 
each, at the East Box, Reading Station, Great Western Railway, 
and have given every satisfaction. 

Another paper on a railway subject was read by R. Lake, on 
“ A Safety Facing Point Lock.” This invention is intended to lock 
the actual point of the switch firmly against the permanent rail. 
By the peculiar arrangement of the apparatus, the switches can, 
by means of one lever only, be moved over and also secured in 
their proper position firmly against the permanent rail on one 
side or the other, and they are held there securely during the 
approach of a train to and until the passage of the train has 
been entirely effected over the points, so that they cannot be 
moved. The point of one of the switches is moved over and 
held in position by means of one of the two wedges or inclined 
planes, the one bevel piece being on the point and the other on 
the end of the longitudinally sliding bar. The weight of the 
train, or of the passing load, whilst on the rails, entirely prevents 
the position of the longitudinally sliding bar or the points being 
changed, and the points cannot be moved in the slightest degree, 
either horizontally or vertically, by reason of the contact and 
pressure of the bevel or wedge-piece on the end of the longitudi- 
nally sliding bar projecting over or overlapping the bevel on its 
point. This point lock is intended to be worked in connexion 
with the signals, as, for instance, by or with the Saxby and 
Farmer point and signal interlocking gear or apparatus. No 
simpler, stronger, or more thoroughly effective apparatus can be 
employed for the purpose ; and as it is neither liable to derange- 
ment nor undue wear and tear, but is easy of application and 
adjustment, this invention offers to railway companies advant- 
ages not possessed by any other point-locking apparatus ; and, 
amongst these advantages, the moderate rates for royalties for 
the use of the invention, and the prices at which the patent 
safety point-lock will be made, supplied, and delivered, com- 
plete (inclusive of royalty), to the specification of railway 
engineers, are not unworthy of the most favourable considera- 
tion of directors and others connected with the management of 
railways. 

In the geological section, there was a good account given by 
E. T. Herdman, of the Tyrone coal fields. These coal fields 
have already been treated by more than one writer, the most 
detailed geological account that has yet appeared being that of 
Sir Richard Griffith. The series of carboniferous rocks in this 
district appears to resemble somewhat that of the northern 
counties of England—that is to say, the coal beds are true coal 
measures, but the limestone underlying them is split up by 
numerous beds of sandstone and shale, the calcareous members 
becoming more scarce towards the north, until at last the whole 
becomes similar to the lower carboniferous rocks of Scotland, 
to which, however, Professor Hull has referred the coal measures 
of Ballycastle, co. Antrim. The coal measures which, no doubt, 
formerly spread over a much greater extent of country, having 
been removed by denudation assisted by considerable disturbance 
and dislocation, are now represented only by these two isolated 
patches, the southern of which, being of the most importance, 
shall be described first—called for distinction the Dungannon 
coal field. After giving a geological description of the coal 
beds in the district, the lecturer said most of the coal beds 
had been worked for fuel at one time or another, many of 
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them, very probably as many as fourteen of them, being of 
good quality, while there are ten over a yard thick, and 
therefore capable of being wrought to great advantage. Of 
these the most in ascending order are the “ Drumglass coal,” 
“ Gortnaskea coal,” “ Braskwille coal,” “ Shining seam,” and 
“Armagher coal.” As to the quality of these coals, it may 
be stated on the average to be better than Scotch and in- 
ferior to English, but most of the coals contained a fair per- 
centage of a sort in no way inferior to the best in the market. 
For gas manufacture especially they are eminently adapted, as 
they possess a very large percentage of volatile matter or hydro- 
carbon. Ina series of analyses of this coal I found the amount 
of volatile matter, excluding sulphur and water, ranged from 
37°5 to 47°8, the average being over 40. Thus, even the ordinary 
coals could be most conveniently used for that purpose; but 
besides these, two of the coals contain seams of a valuable 
cannel, one of which is now being worked, and has been cer- 
tified by Dr. Wallace, F.R.S.E., gas examiner of the city of 
Glasgow, to possess an illuminating power of thirty-four standard 
candles. Although all the seams contain sulphur to some 
amount, yet even in the worst it is not unpleasantly perceptible 
during ignition, as is the case with the inferior seams of the 
southern coal-fields of Ireland. A most remarkable fact in 
connexion with this coal-field is that, although the coal is very 
bituminous and gaseous, fire-damp is almost unknown, having 
been noticed in only one or two instances. The workings, 
therefore, are carried on with open lights. One reason for this 
may be that all the pits have been very shallow, and ventilation 
is excellent ; besides which the existence of numerous faults may 
allow vent to the gaseous products of decomposition before they 
have accumulated to any harmful quantity. This is hardly the 
place to enter on the economic bearings of the subject, but I 
should like to remark that although the workings of this field 
have continued in a small way for a couple of centuries at least, 
the greater part of the coal still remains to the good; for, as 
yet, only the edges of the different seams have been touched, 
and there must be at least between thirty and forty millions of 
tons remaining, if we only count the coals of a yard and upwards 
of thickness ; but if the, coals above eighteen inches be included 
there would be an increase to the estimate of, say, roughly, nine 
millions more. Perhaps the most remarkable fact in connection 
with the coal-field is that, being in the centre of a manufacturing 
district, it has not become commercially a thing of the past. 
It is very possible that these coal measures still spread to some 
distance under the newer strata to the north-east and south, the 
two former being the direction in which they would be most 
easily reached, but whether there is any remunerative quantity 
of them in that position can only be determined by actual trial, 
for on account of certain conditions of physical geology existing 
here in pre-triassic times it is impossible to predict whether the 
newer rocks rest on the limestone or overlap patches of coal 
measures, 

W. C. Roberts read a paper on “The Columnar form of 
Basalt."—This paper commenced by stating that columnar 
basalt occurred in thick horizontal or vertical beds, the columns 
being at right angles to the surface of the mass where the 
cooling and consequent solidification had commenced. In 
some cases the columns are more or less unbroken for many 
feet, a few cross-joints only occurring at irregular intervals, 
but the more perfectly columnar basalts are articulated, each 
prism being separated at short intervals with a ball-and-socket 
joint occasionally developed upon a pair of contiguous surfaces. 
The origin of this prismatic jointing and articulated ball and 
socket structure was explained in a most remarkable paper by 
Mr. Gregory Watt, who melted a quantity of Rowley rag (basalt 
from the Rowley Hills) in a furnace, and observed that when 
the glassy mass is cooled slowly, small globules make their 
appearance and increase by the successive formation of external 
concentric coats, so that ultimately a number of solid balls are 
formed, each consisting of many concentric shells. The gradual 
increase in size of these balls cause their mutual compression as 
soon as they come in juxtaposition, and it will be evident that a 
series of short hexagonal prisms will be produced if balls of equal 
sizearesubmitted to anexternal compressive force equal inall direc- 
tions, or to an equal expansive force acting from the centre of each 
ball, and arising from its tendency to indefinite enlargement. 
Natural columns of basalt vary in length from 5 ft. to 150 ft., and 
as their width seldom exceeds 8 ft., it is necessary to assume that 
in the cooling mass of basalt the spheres are arranged with the 
centres in parallel straight lines, so that the hexagonal vertebrz 
may form continuous pillars, and not a mass of short, discon- 
nected prisms. Mr. Robert Warrington presented to the Geo- 
logical Museum, Jermyn Street, a fragment of firebrick which 
had formed part of the base of a glass furnace. It had evidently 
not been fused, but was in the form of a rough hexagonal column, 
about 2 inches wide and 5 inches long. I have satisfied myself 











that in the case of the firebrick the structure results from unequal 
strain ; for if a cylindrical or circular mass be slowly and uni- 
formly heated to bright redness, the fracture is irregular, but 


not prismatic. I am still uncertain as to the temperature at ° 


which the change takes place, but it may be stated that silver 
melts at 10'23° C., and by pouring molten silver into a tray-like 
cavity on the surface of a firebrick already raised to a high tem- 
perature, the columnar structure was produced. It appeared to 
me to be interesting to compare the columnar structure in starch, 
which has assumed its form at the ordinary temperature, with 
that of a mass of firebrick which had been heated to bright red- 
ness, and to point out the analogy of the forms so produced with 
basalt, which has undoubtedly cooled from a fluid mass. 

The following paper was also read :—“ Geological Maps and 
Sections of West Galway and South-West Mayo,” by G. H. 
Kinahan, F.G.S. 

The section then adjourned the sitting. 

The report of the Metric Committee was presented to the 
Section for Economic Sciences and Statistics by S. Brown. He 
said :—Your committee appointed to report on the best means 
of providing you in uniformity of weights and measures with 
reference to the interests of science have already, in their several 
reports, indicated their opinion that such uniformity can best be 
promoted by the diffusion of the metric system in all civilized 
countries, and by the adoption of a system of coinage founded 
on gold as a single standard, with a uniform proportion of alloy 
of I in 10, and with a decimal division; and their opinion has 
been corroborated by the gradual extension of the metric system, 
notably in the whole German empire, and by the concurrence of 
all nations on the same principle of coinage, though not in the 
identity of the unit. It is in the United Kingdom that the 
greatest difficulty is experienced in introducing the reform, and 
your committee regret that her Majesty’s Government has as 
yet taken no practical step in advance of the same. Meanwhile, 
however, the International Metric Conference have proceeded in 
their deliberations, and in the manufacture of perfect metric 
standards, and your committee hope that, as soon as a copy of tke 
same shall have been deposited in this country, the warden of the 
standards will be authorized to verify by the same the metric 
weights and measures in use in the United Kingdom, and that 
by this and other means the difficulties still in the way of the 
voluntary use of the same be removed. Your committee, having 
done their best to diffuse information on the subject remitted to 
them, do not think it necessary to recommend the appointment 
of the committee ; and, on leaving the subject to be further 
matured by experience and by time, they would only reiterate 
their firm conviction that the uniformity of the weights, mea- 
sures, and coins will tend to the economy of time in the ordinary 
transactions of life, the extension of education and science, and 
the general advance of commerce and international intercourse. 
Mr. Brown, in moving the adoption of the report, and in giving 
reasons why he thought there is no necessity for the reappoint- 
ment of the committee, said it had long been understood, in the 
interests of science, that there should be a uniform system of 
weights and measures ; but he thought there was no prospect, 
for the present, of getting the Government to make a change in 
the present system. A committee of the House of Commons 
had recommended the permissive use of the metric system, and 
that it was capabie of being international; but the government 
would not allow it to be taught in schools. 

Lord O’Hagan said it was satisfactory to note that this metric 
system had no enemy in this department of the Association. 
Everyone of scientific mind who had investigated the matter 
had acknowledged that it would be a great improvement if it 
could be adopted in this country as elsewhere. The question 
was how was the government, or any government, to be moved 
in the matter. Opinion forms itself in this country through the 
people of the country, and no government would for a moment 
dream of opposing public opinion on a question such as this if 
there was a general opinion in its favour. It was not the policy 
of a government to originate reforms in this country. It follows 
more than originates opinion, and they had on the whole very 
little to complain of in this respect. If they wanted a thing 
done they must persevere in their demand for it, and show that 
it is an improvement. Whether the reform was political or 
scientific there must be a moving power behind to have it 
accomplished. They had heard that in Germany, Austria, 
Switzerland, and Spain the metrical system had been adopted, 
and even America, as his learned friend had said, is only anxious 
to be led in the matter by this country. If that be so, it might 
be as well to adopt the suggestion made by Mr. Heywood and 
continue the committee, as it might be a mistake to abandon the 
instrumentality which they had in existence. It would be 
better and more uniform to reappoint this committee, as they 
did not ask any money from the Association with which to 
carry on their labours. He thought he might congratulate the 
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section on a most interesting, valuable, and instructive discus- 
sion. 

James Torbitt sent to the Biological section a paper on “ The 
Potato Disease and the means of its prevention.” He said 
the theory of disease was based on the assumption that the 
plant is endowed with a term of life of about twenty or thirty 
years, no potato having ever lived for forty years, and that as it 
approaches the end of that time it becomes feeble from old age, 
and its constitution has undergone such a change that its sub- 
stance has become a suitable habitat for a particular fungus. 
Then, when the atmospheric conditions necessary to the growth 
of the fungus supervene, and supervene at a period of the growth 
of the plant suitable to the growth of the fungus, then all these 
conditions concurring, the parasite attacks the plant and so de- 
stroys it. Upon this hypothesis, therefore, the remedy is to grow 
the plant from the seed of the berry so soon as the variety under 
cultivation from the set becomes unable to yield a full crop of 
berries, a result which will be found to take place in about ten 
years after its growth from the seed. But it would be argued 
that the theory does not hold good, because it is said old and new 
varieties are alike destroyed, but that is not exactly correct ; for 
all the old which were in existence in 1845 are dead, while all the 
newer, as we see, are not. Still the new were attacked, and the 
reason is obvious—although the disease did not originate in them, 
the old potatoes, in which it did and does originate, infected them. 
The course of the life of the potato under cultivation from the 
set seems to me to be this—for the first part of its life, say for ten 
years, it is young and vigorous, and well able to produce and 
mature its seed, and the fields are strewn in the autumn with 
clusters of its berries. For a few years more it still continues to 
produce its flower ; but the flower drops off, and the berry has 
disappeared—a period of old age which the “skerry” has now 
reached ; and this is the newest variety of the main crops under 
cultivation in the north of Ireland. In a few years’ more culti- 
vation from the set it will become incapable of producing even 
its flower, producing only the calyx, a period of life which the 
cruffle and the rock have reached. These will die of old age ina 
few years more if not in the meantime thrown out of cultivation. 
Death from old age has occurred occasionally in the potato, 
which has been mistaken for a disease, and called the “ miss,” the 
“ cut ” missed to germinate, its life having been exhausted. But it 
is argued that the process of cutting the potato to pieces, causes 
it to live for an indefinite period, but is this so? According to 
Mr. Darwin it is a well-established fact that plants propagated 
by cuttings, or buds, all partake of a common duration of life. 
The question is, is a plant, grown from a cutting, a separate 
branch of the original compound individual endowed with the 
same allotted term of life, or is it a new individual endowed with 
a fresh term of life, and, if so, how did it become so, and whence 
the fresh supply of life? The author then referred to experiments 
with vine cuttings, to show that cuttings partook of the life merely 
of the original stock, and obtained no accession to its term of 
life, and went on to say that if cutting a plant into two equal parts 
did not effect a new birth, why should cutting it into two unequal 
_— called the stock and the scion, do so? The fact seemed to 

im to bethat the operation of the laws of sexuality only was capable 
of producing new individuals ; that, therefore, plants could not 
be propagated for ever from cuttings ; that the set of the potato 
was merely a cutting from the subterranean stem, and that propa- 
gation in that manner could not be continued beyond the term 
of life originally allotted to the seed, and as before stated that so 
soon as the variety under cultivation from the set became unable 
to produce a full crop of seed, the operation of the laws of sexuality 
should be resorted to, and new individuals obtained. Whatever 
might be the opinion of this theory, one thing was certain, that 
the potato, when grown from the seed, would yield a full crop of 
seed like any other plant, and if time sufficed he could furnish 
manifold proofs that when grown from the seed, and not exposed 
to infection, it would not become diseased. 

A most interesting feature of the British Association meetings 
is the lectures to the working men. They are always entrusted 
to men of the first rank in science, and this year it was Professor 
Odling on whom this charge devolved. Anyone who but once 
had the good fortune to have heard a scientific exposition by 
that masterly lecturer, will readily conceive that the Belfast 
lecture was a brilliant success. Professor Odling chose for his 
subject the importance of Priestley’s discoveries. He said:— 

Just three weeks ago there was unveiled in the town of Bir- 
mingham the statue of a man who had been dead for seventy 
years, and who had spent a considerable portion of his life 
of labour in Birmingham. The statue was unveiled by Pro- 
fessor Huxley, who afterwards delivered in the Town Hall a 
most eloquent address on the career and work of the subject 
of this statue, who was a certain Dr. Joseph Priestley. 
Meetings were held simultaneously in Leeds, at Paris, and in 
Pennsylvania, to which state Dr. Priestley ultimately migrated, 








and where he died. This Dr. Priestley was a many-sided man, 
and fulfilled many functions. He was at one time a school- 
master, and at another time a secretary to a distinguished noble- 
man. During the greater part of his life he was the minister of 
a Unitarian congregation, and was an earnest student and a 
prolific writer on theology, on politics, and on mental philosophy. 
In all these subjects he contrived to make his mark. Quite 
irrespective of all this, Dr. Priestley was one of the most distin- 
guished chemists who ever lived, and, moreover, succeeded in 
making the greatest discovery ever made. To his lot it fell to 
discover an entirely new kind of matter or substance, new not in 
the sense of not having existed previously, for it was the sub- 
stance of which the eternal hills are themselves very largely 
constituted, but in the sense of having been previously un- 
known. It was the substance now known by the name of 
oxygen. This oxygen, said Dr. Odling, was a particular 
kind of gas, having the property of allowing bodies which 
burnt very feebly in ordinary air to burn in it with very great 
brilliancy. This discovery was made exactly 100 years ago, 
in August, 1774, and it was to celebrate it that the meetings re- 
ferred to were held. The lecturer went on to explain that when 
chalk or limestone was very strongly heated in a kiln it became 
changed into quicklime, differing from the limestone from which 
it was produced in very many particulars, especially in this, that 
whereas if limestone was wetted with water no change took place, 
quicklime when wetted became exceedingly hot, and crumbled to 
a dry powder, which if further wetted formed a stiff paste, ulti- 
mately drying up into a mass of dry mortar. Another property 
of limestone was its capability of being absorbed by water to an 
appreciable extent, so that the liquid had the characteristic taste 
of lime. In the conversion of limestone into quicklime every 
100 pounds of the stone furnished only 56 neinalis of quicklime. 
What were the 44 pounds of matter which had disappeared? It 
was a kind of aérial matter having the quality of immediately ex- 
tinguishing a light introduced into it. From the circumstance 
of the limestone breaking up into quicklime which remains be- 
hind, and this particular air given off, the conclusion was, the 
limestone and chalk were really composed of quicklime, united 
with the particular kind of air in question. Accordingly, if the 
air was again added to lime dissolved by water, a mass of chalk 
would be produced, and in this way there would be corroborative 
evidence of quicklime being composed of the two constituents of 
lime and gas. Another mode of extracting this particular kind 
of air from limestone or chalk was by acting upon those bodies 
with acids, of which there were different kinds. Sulphuric acid 
was got by burning sulphur or brimstone, and was sometimes 
called oil of vitriol. Muriatic acid, or spirit of salt, was obtained 
by taking salt and acting upon it with sulphuric acid. Nitric 
acid was made by acting with sulphuric acid upon nitre or salt- 
petre. The particular kind of air evolved from the limestone 
was discovered first of all in the year 1756 by Dr. Black, then a 
young physician in Edinburgh, and he called it by the name of 
“ fixed air,” because it was fixed in the limestone of such bodies, 
and was capable after being evolved of being again fixed by the 
lime and other such bodies. Fixed air was now known by the 
name of carbonic acid gas. Although Dr. Black to a consider- 
able extent investigated this matter, very many of the properties 
of the gas were discovered by Mr. Cavendish who, in 1766, pub- 
lished a memoir of what he called factitious or artificial airs, as 
distinguished from the ordinary natural air. If instead of marble 
or limestone, zinc or iron was worked upon by an acid, a con- 
siderable amount of effervescence or going-off of air would be ob- 
tained, which would be an air entirely different from the fixed air 
of Dr. Black, and called by Dr. Cavendish inflammable air. 
Just as it had been shown that the fixed air evolved from marble 
when treated by acid, was really part and parcel of the original 
marble, so Cavendish in this case conceived erroneously that 
inflammable air given off from a metal when treated by an acid 
was a constituent of the acid. This inflammable air, which now 
went by the name of hydrogen, was discovered in 1776. Some 
time afterwards Priestley ascertained that if those metals were 
acted upon with nitric acid, another kind of inflammable air, 
somewhat resembling Cavendish’s, and rather corresponding 
with the fixed air of Black, was obtained, but differing from 
both these airs in this particular, that when it came into contact 
with ordinary air, it produced deep brown fumes. This was 
now called nitric oxide gas, and was discovered by Priestley in 
1772. Considerable alterations in the notions of chemists fol- 
lowed from these discoveries. Previously, chemists had no 
conception of the possible existence of great numbers of different 
kinds of aérial matter, not only as belonging to atmospheric air, 
but as being common to a great number of different kinds of air. 
Before the discoveries of Black, Cavendish, and Priestley, the 
notion was not only entertained, but was vehemently professed, 
that all air was one and the same, and might be rendered strong- 
smelling, unwholesome, or inflammable, according to the nature 
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of the contamination with which it came into contact ; but the 
discovery of these different kinds of air established the notion of 
an aérial or gaseous kind of state, common to different kinds of 
matter, of which atmospheric air was simply the most abundant 
kind, just as the notion of the liquid state was common to diffe- 
rent kinds of liquid, in which water was most abundant. There 
was also another notion established in the minds of many, the 
conviction that the air in which they moved and breathed was a 
real form of matter or substance, such as water or stone. From 
the earliest times men knew that if they took a bladder, there 
was something inside which prevented their hands coming to- 
gether. Air confined in this way was as much capable of being 
felt as water or sand, and long before these discoveries, it had 
been made out by means of a barometer and air-pump, that 
air, in common with water and stone, had a characteristic pro- 
perty of heaviness, and was a substance capable of being 
weighed. In a vague sort of way, then, air was recognised as 
being material, although it was not thought to be so material as 
water or stone, until the discoveries of these kinds of gas, which 
differ from common air in various degrees of heaviness and 
weight. The nitrous air of Priestley had nearly the same heavi- 
ness as common air, although Black’s air was one and a half 
times heavier. Another notion resulting from the discovery of 
that kind of gas was that of aérial matter as an important con- 
stituent of even the hardest forms of solid matter. The attention 
of chemists was thus directed to an investigation of the properties 
of ordinary air. A great many different processes took place in 
atmospheric air. One of these was burning. Generally speaking, 
when a substance was once set on fire in air, it went on burning 
until it was completely burned away ; but if it was burned in a 
confined quantity of air, the burning would, after a short time, 
cease, and no material whatever would burn in the residual air. 
The same result was obtained by rusting, by calcining, and by 
breathing, the air left in each case being the same. The real 
fact was that the air itself became burnt out, or rusted out, or 
calcined out, or breathed out. The residual, or burnt-out air, 
was originally called phlogisticated air, but it is now designated 
nitrogen gas. Chemists at first thought it was a new kind of air 
altogether, into which the ordinary air was changed by the dif- 
ferent processes of respiration, burning, calcining, but it is now 
known to be a constituent existing in ordinary air. It was 
obvious that before the air was entirely burnt out, or breathed 
out, or rusted out, or calcined out, it might so far change as to 
render it unfit for these different processes. Accordingly, it be- 
came an object, more especially with Priestley, to find out a 
means of recognising the goodness of air, and he invented a 
process for arriving at the result. That process was to add to 
the partially damaged air some of the nitrous air which formed 
with ordinary air brown fumes, and then, by noticing the 
amount of contraction afterwards, he estimated the goodness of 
the air. He filled a tube full of mercury, and added to it, on 
the top, a little red or mercurial precipitate. He then inverted 
the tube ; the red precipitate being lighter than the mercury 
floated to the top, and then he heated the red precipitate by 
means of a large burning glass, and he found that the red pre- 
cipitate gave out gas or air, which he collected and examined 
and found to be oxygen. ‘This gas or air was charac- 
terised more especially by its power of enabling bodies to 
burn in it brilliantly. Priestley also found out that it 
enjoyed, in common with atmospheric air, the property 
of giving rise to contraction when it was mixed with 
nitrous air, and that the degree of browning was very much 
greater, and the degree of contraction that followed upon the 
browning was very much greater ; so that whereas with ordinary 
atmospheric air he could not get a degree of contraction exceed- 
ing that of one-fifth part of the original volume of the air, with 
this particular kind of air he could get a contraction equal to the 
whole of it. Accordingly, he said that his new kind of air was 
at least five times better than common air for respiration, and 
he congratulated himself that the two mice upon which he 
experimented were the only animals which had ever been privi- 
leged to breathe this superior air. The animals breathed with 
considerable rapidity, and exhibited great vivacity, but it was 
now known that oxygen was not better than common air to 
breathe. The name originally given to this gas was emi- 
nently respirable air, gradually it acquired the name of vital 
air, but now it was simply oxygen. Coming to the great 
advances to knowledge resulting from the discovery of 
oxygen, Dr. Odling said that it enabled them to learn the nature 
of what were considered previously to be the four elements out 
of which all things were composed, viz.: earth, air, fire, and 
water. Air had previously been regarded as one single sub- 
stance, but Lavoisier, a French chemist, soon after Dr. Priestley 
made his discovery, found out that air was composed of two 
constituents. From those experiments Lavoisier came to the 
conclusion that air was composed, to the extent of four-fifths, of 








the phlogisticated air, which could not be absorbed by the gently 
heated mercury, and one-fifth of the vital air absorbed in the 
formation of the mercury calix. He confirmed this view by 
showing that if he added nitrogen in right proportions to oxygen 
he got back ordinary atmospheric air. Prior to the discovery of 
oxygen all combustible bodies were conceived to be a compound 
of elementary fire with the product left as a residue of their 
burning. Lavoisier showed that when phosphorus and other 
bodies burnt in air, the air lost its oxygen; and secondly, that 
the weight of the product formed was really greater in every 
case than the weight of the original substance burnt. In this 
way was established the idea that fire was not a substance at all, 
but simply a manifestation of light and heat attendant upon the 
act of combination of one substance with another, and most 
usually the combination of different substances with oxygen. 
With regard to the nature of water, Cavendish found that when 
he mixed hydrogen with oxygen they took fire and exploded, and 
the greater proportion of the entire mixture of the gases disap- 
peared. He found that if he took two volumes of hydrogen and 
one volume of oxygen, he got the greatest amount of contrac- 
tion, and that water was the product. Priestleyafterwards showed 
how not only water could be produced by this mixture, but that 
it could be shown to be composed of these two constituents by 
breaking it up into them. He found that, on bringing a strongly 
heated iron into water vapour, the iron was changed into the 
self-same oxide of iron that was produced by heating iron either 
in air or oxygen, and he therefore arrived at the conclusion that 
water contained oxygen. The water was by this means gradually 
decomposed into the inflammable air of Cavendish, while the 
oxygen was absorbed by the iron. Then, as to the light thrown 
on the nature of the earth by Priestley’s discovery, it was shown 
that all substances when burnt yielded moisture. Carbonic acid 
gas was a substance composed of 73 per cent. of oxygen gas, 
and this carbonic acid was a compound of limestone and other 
earthy constituents. Sand, gravel, flint, and stone was largely 
composed of silica, which was an oxide of silicon, while clay 
was composed of oxide of silicon together with oxide of alumi- 
nium. Taking the composition of the globe, as they were 
acquainted with it, the crust of the earth was composed for 
fully one-half its weight of this oxygen gas which Dr. Priestley 
discovered one hundred years ago, by heating a few grains of 
red precipitate with a burning-glass, Dr. Odling further stated 
that this discovery led chemists to the conception of the idea 
of chemical combination of elements and compounds, to the 
notion of chemical change; that it explained the nature of 
decay, of respiration, and food consumption ; the deterioration 
of air by living beings, and the means by which that air was 
renovated. Seeing that these results had followed on Dr. Priest- 
ley’s discovery, he hoped they would go away with the opinion 
that the honour paid to him was not undeserved or unmerited. 

The lecture was illustrated by a large number of most suc- 
cessful experiments, such as the production of carbonic acid 
gas, hydrogen, nitrogen, and oxygen, the combinations of these 
gases, and their different weights, and the burning of metals by 
the aid of oxygen. 


PRACTICAL PAPERS ON DESIGNING MACHINERY. 
II. 


T the conclusion of the previous paper (“ Practical 
J) Magazine,” No. 20, p. 140), we reached the number 
of revolutions per minute of the crank shaft of the 
engine employed to actuate the pump used to fill 
YY 2) the water-tank, and the pump itself next demands 
23 attention. 

It is probable that most of our readers are acquainted 
with the laws of hydrostatics ; but, still adhering to the prin- 
ciple we have adopted, of making these papers as complete 
a chain of links as possible between natural laws and their 
application in every-day work, we simply inform our younger 
readers that pumps are of two classes, viz., lift pumps and force 
pumps ; the former are so called because the piston is provided 
with a valve which allows the water to pass from its lower to its 
upper side, and this sort of pump may or may not be a suction 
pump. Thus, if the barrel or cylinder of the pur be placed in 
a well containing water to a depth of 5 ft. and the stroke 
of the pump is 4 ft. long, then, if the pump barrel is immersed 
to a depth of 4 ft., evidently the barrel will have 4 ft. of water 
inside it, and when the pump piston—or, to call it by its proper 
name, the bucket—descends to the bottom of its stroke it will 
have 3% feet of water above it, assuming that the bucket rod is of 
such a length asto place the bucket in this part of the barrel ; then 
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when the bucket moves up again it of course raises the quantity 
of water above it to a height of 4 ft. A glance at the sketch 
(fig. 3) will make this all clear : A is the barrel, B the bucket, 
and the action is plainly evident. As the arrangement stands 
in the diagram, however, no real raising of the water is accom- 
plished; the water merely would go up and down with the piston 
because the lift, being only nearly equal to the depth of water in 
the barrel, and consequently the discharge spout, S, being only 
slightly above the upper surface of the water in the well, the 
only action of the pump is to draw the water from the bottom of 
the well, and scatter it over the top. Before water can be really 
taken out of the well at any point higher than the upper water level, 
a provision must be made for securing the water, once it is lifted 
up, from returning down with the bucket again; this is done by a 
valve called a foot valve, which is usually placed between 
the reciprocating bucket, which lifts the water, and the well. 
This foot-valve has a clack or valve which opens upwards to 
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allow the water to pass up, but opposes its descent again. The 
pump at fig. 3 may be called a self-filling pump, inasmuch as no 
suction action takes place; any pump, however, so arranged as 
that the bucket passes above the water-level is a suction one, 
because then water can only follow it up under the influence of 
atmospheric or other pressure. Of course a foot valve is of no 
use in a self-filling pump, it might be placed immediately above 
the upper limit of the stroke of the bucket, though such an 
arrangement would be very unadvisable. 

The second, or forcing class of pump, is one almost invariably 
fitted with a plunger, but the pump may be one self-filling, like 
fig. 3, the water finding its way in by its own gravitation, or 
else it may bea suction pump. Unlike the lift pump, however, 
the water does not pass up through the plunger, the plunger does 
not fill the pump barrel ; on the contrary, a space of from one- 
quarter to three-quarters of an inch is usually left, soas to reduce 
friction as much as possible. In this sort of pump the plunger 
passes through a stuffing box to the outside of the barrel. 
When the plunger is drawn back out of the barrel there is of 
necessity a vacuum left, and water rushes in through the foot 
valve F (fig. 4). On the return stroke, if there were no way of 
escape for the water, the pump barrel would split,a delivery 
valve is, however, provided (see D, fig. 4). Every part of such a 
pump as this, save the packing in the stuffing-box, S, is metal, 
and consequently hot water may be worked through it, which 
could not be done with a leather-packed pump like the bucket- 
lift pump. The pump shown at fig. 4 may be altered, so far as 
the pump-barrel’s position in reference to the valves is concerned, 
indefinitely. It may be set, for example, on an incline to the 
valves, or at right angles even to its present position ; in fact we 
must impress on our students that the barrel of such a pump as 
fig. 4, with its plunger and stuffing box, is a perfectly distinct 
arrangement to itself, and may be considered always as quite 
independent of the valves and their chambers, though it is 
important that the valves be kept as close as possible to the 

lunger barrel, because if the distance be too great, the air that 
Inevitably finds entrance with the water is not properly and 
completely expelled, and after a little, accumulates so much as 





to destroy the vacuum in the barrel, and the pump sucks no 
water. Pumps, too, which have to suck the water up any height, 
will not draw water that is at all hot, because the steam or 
vapour from the hot water being more volatile, ascends, fills the 
barrel, and the vacuum is destroyed ; for both these reasons, it 
is always prudent, when it can conveniently be done, to set a 
pump so low down, that it may be filled at every stroke by gra- 
vitation. Pumps so located are far more certain in their working 
than suction pumps. 

We must now return to the machinery to fill our tank ; the 
steam cylinder has been partly settled, so far as power goes, but 
we shall proceed to ascertain whether the length of stroke and 
diameter proportions will suit for working the pump direct from 
the piston-rod of the engine, subject to the conditions already 
laid down. The pump decided upon we will suppose is single 
acting, such a one as fig. 4, which draws the water into the 
barrel on its up stroke, and forces it out on the down stroke. 








Fig. 4 shows the plunger at the end of its down stroke, and we 
will suppose all the space below the delivery, and above the foot 
or suction valve, is quite full of water. Then, on the plunger as- 
cending to the top of its stroke, the space occupied between the 
line V, or end of the plunger, and the dotted line W, which is 
where the line V will be when at the upper end of the stroke, 
will be immediately filled with water, or nearly so; on the 
descent of the plunger, the suction valve closes, and the delivery 
opens, and the water which previously went into the pump 
barrel to occupy the place left vacant by the plunger, is driven 
out with a force corresponding with the pressure forcing down 
the plunger. From this explanation it will be evident to the 
student that he has only to ascertain by calculation the number 
of cubic inches in the part of the plunger measured from V to 
W, to know what quantity of water is sent out of the pump at 
each stroke. We may here remark, too, that the possession of a 
knowledge of plain mathematics and mensuration, as well as 
some acquaintance with the rudiments of algebra, by our student 
readers is assumed throughout these papers. Taking the plunger 
in fig. 4 as being 4 in. diameter and 8 in. stroke, the computation 
will stand thus when formulated—8 x 12°5 = +; 8 equals length 
of stroke ; 12°5 equals area in square inches of a plunger 4 in. 
diameter, and x equals the unknown quantity, whose amount 
we are in search of, viz. the number of cubic inches of water de- 
livered at each stroke of the plunger, and which equals 100, 
Now there are 1,728 cubic inches in a cubic foot, so if that 
number be divided by 100, we at once know the number of 
strokes this plunger must make to deliver a cubic foot of water, 
theoretically. The operation is simple, it only needs the {gus | 
of adecimal point between the 7 and the 2, making it read 17°28, 
and this then will be the number of strokes to deliver a cubic 
foot of water. We must here caution our readers not to con- 
found speed with the foregoing calculations, that is another affair 
altogether, because the strokes may be made at any rate—they 


may be ten a minute or 200, for example. Proceeding further 
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with our pumping machinery for the tank, with a view to make 
steam piston area and pump plunger area suit for working both 
on one rod, we must first ascertain the resistance in pounds per 
square inch offered by the water, and caused by the weight or 
head of the water, and the friction of said water passing through 
the stand or vertical pipe between the tank and the well. The 
measure of the water in the 2-in. stand-pipe we have already 
ascertained in our last number (p. 140) to be equal to 3 cubic feet, 
so the weight is 3 x 62°5 or 187°5 lbs.; hence the actual resistance 
to the plunger is equal to 187°5 to each 3°14 square inches, or if 
we state the calculation thus—*{?7:) = pressure of water per 
square inch at the bottom of the pipe, this pressure when worked 
out equals in round numbers 60 lbs. tothe square inch, It must be 
borne in mind, however, that in proportion as the foot or suction 
valve is brought nearer to the centre of the total height of the 
stand pipe, so is this 60 lbs. more nearly equally divided in its re- 
sistance to the steam piston ; thus, for example, if the suction valve 
be just on a level with the foot of the stand pipe, then the steam, 
propelling the piston so as to make the pump suck, will meet with 
no resistance whatever ; while, on the other hand, the entire 
body of water in the stand-pipe is forced upwards when the 
pump is discharging itself, and the engine would not be balanced, 
the steam piston, on what we will call its suction stroke, en- 
countering no load resistance at all ; and on its delivery stroke 
60 Ib. per inch would be met. Well, if the suction valve be set 
level with the centre of the height of the stand-pipe, there will 
be two separate and distinct lifts of water in the stand pipe, the 
portion above the suction valve and that below it being alter- 
nately lifted. A little consideration will show the differences in 
the load resistances to suction stroke and delivery stroke are 
exactly proportionate to the differences existing between the 
length of the suction stand and the delivery stand pipe ; as a 
natural consequence, we find ourselves brought face to face with 
a difficulty. It has been shown above that a pump should, if 
possible, be placed so low as to fill by gravitation, but if we set 
our tank pump thus, we destroy the equilibrium, which should 
be always of paramount importance in machinery. One point, 
however, in the conditions of working in the present case is 
certain, and that is, that the suction valve cannot possibly be put 
at half the height, simply because it exceeds nature’s suction 
limit of 33 ft. ; and if a pump is to be at all reliable in working, 
the suction should not exceed 20 ft. head, because from leakage, 
friction of the water in the pipe and pump-chamber, and separa- 
tion of air from the water, the theoretical value of the 33 ft. 
atmospheric head is, in practice, a good deal reduced. The 
difficulty, then, is how to get the pumping machinery fairly 
balanced : there is but one way of doing it, and that is to have 
two pumps arranged to work alternately, so that when one is 
sucking the other is delivering, and vice versd. The question 
of one pump or two involves other considerations as well as 
those just dealt with. The engineering student who desires to 
attain celebrity and a good position in his profession, must make 
himself master of the financial branch as well as of the scientific 
branch of his vocation ; there is little use in the present day for 
merely pure science in engineering; the man who can best 
combine sound science with economy of construction and work- 
ing is the man who is of most service to himself, to his clients, 
and to the world at large. One of the most mortifying expe- 
riences the pupil in an engineer’s office has first to undergo, is the 
clipping the wings of his scientific Pegasus, and moderating his 
flights so as to keep them within the common-place require- 
ments of every-day life. The young and enthusiastic student, 
fresh from school and college, his head brimful of science, 
thinks that Watt, Stephenson and others—though great men, no 
doubt—were never half as great as he means to be, because he 
will elaborate such works in machinery as the—to his mind— 
slow, cautious designers of the present day never think of. No 
doubt such feelings are both natural and praiseworthy, but the 
misfortune is that some young fellows, full of promise, when 
they come face to face with the common-place and matter-of- 
fact routine of the office and the shops, become disgusted at 
finding all their dreams of high science dissipated, and they 
throw up the profession for something else. 

To return to the pump: the financial question presents itself 
thus : the multiplication of parts increases first cost and subse- 
quent expenses for maintenance, but, on the other hand, there 
are the following advantages in using two pumps : if one pump 
break down, the other will be available still, whereas, if but a 
single one is used, and it give way, an entire factory may per- 
haps be stopped for want of water, till it is repaired ; and the 
proper balancing of the machinery economises power and re- 
duces repair bills ; therefore, on the whole, it is more advan- 
tageous to use two pumps. This, then, being decided on, the 
next step is to determine the size of one. The quantity of water 
to be raised is 10,000 gallons per hour, or 100909 = 167 gallons 
per minute ; it has already been decided to drive the piston at 





the rate of 150 double strokes per minute, and it has been already 
decided also to try and work the pump (or pumps) direct from 
the piston rod ; therefore the two factors of length of stroke and 
speed are ascertained, and it.remains only to find the diameter 
of pump plunger necessary to give the requisite cubic displace- 
ment of water when the plunger is forced into the pump barrel ; 
such displacement, for one of a pair of plungers, must equal half 
of one hundred and fiftieth of the quantity of water to be raised 
per minute, with an addition of, say 20 per cent., as allowance 
for leakage and other sources of loss. Now the hundred-and- 
fiftieth part of the half of 167 gallons equals, in round numbers, 
34, or we may practically say half-a-gallon, and taking the 
thing accurately 0°56 of a gallon; now a gallon of water con- 
tains almost exactly 276°5 cubic inches, therefore the diameter oi 
the plunger must be such as will give an area which will, when 
multiplied by the stroke, give 2265, which equals 138°25 ; to this 
must be added the 20 per cent., and then 138'25 + 29 = 167°25 ; 
having the length of stroke already determined, there is nothing to 
do but divide 167°25 by it in inches, the quotient will be the 
area required, and this, with its corresponding diameter, can be 
found in any engineering table of diameters and their areas, 
18725 = 20°90, or say 21 square inches; the diameter for this 
area is 5°25in. This diameter is slightly in excess, giving an 
area of 21°64 in., but the decimal metric system of measurement 
not being generally used in England, and as, moreover, it is an 
established axiom with practical men, that fractional or broken 
figures are to be avoided on working drawings as much as pos- 
sible, then we take the simple 53 in. Assuming that the pumps 
are located 20 ft. above the surface of the water in the well, 
there is a head or pressure of water on the plunger, when forcing 
the water from the pump barrel, of 115 ft. head, and as, roughly 
speaking, water has a pressure of half-a-pound per square inch 
for each foot of head, the total pressure on the plunger is 
58 Ibs. per square inch, while as regards the resistance to the 
steam piston the suction resistance must be also added ; the head 
of water here is 2oft. or 10 lbs., so that it still makes the total 
resistance to the piston to equal about 68 lbs. per square inch 
of pump plunger, Taking the rough figures of atmospheric 
pressure at 15 lbs. per square inch and suction limit being 
assumed as 30 ft. the head pressure would be exactly half-a- 
pound per foot, but as, accurately speaking, the atmospheric 
pressure is nearly precisely 14°75 lbs., and the suction limit 
33 ft., the real pressure of water per foot of head is 0°44 of a 
pound and 135 x 0°44 equals 59°40, or as shown before, 60 Ibs. 
Our reasons for going so much at length into these calcu- 
lations are, for one, that by so doing the harmony of the 
principles of mechanical science and those of mathematics is 
fully demonstrated ; and, for another, that we desire to teach 
our readers the necessity existing for a practical engineer to be 
able to make his calculations in two ways—the one rough and 
approximate, so that he can arrive almost instantly at a tolerable 
idea of the bearings of a given question, and the other accurate 
and complete, but demanding more care in working out, and to 
be used in making the finished design and specification. The 
area of pump plunger being 21°64, this multiplied by 60 equals 
1296"40 lbs., and to this must be added Io per cent. to over- 
come friction of water and machinery, and this makes a total 
resistance to the steam piston of 1426’0lbs. The diameter of 
the steam piston is 28°27, and 742$ = 50 lbs. in round figures. 
In our last number we added 30 per cent. of power as allowance 
for all sources of loss, whether of leakage or iriction ; of this we 
have now applied 20 per cent. for loss by leakage and water 
friction, leaving ten of the total thirty for engine friction. 





AGRICULTURAL MACHINERY. 





O agricultural machines have received more atten- 
tion from inventors and engineers than reapers 
and mowers; and the yearly-increasing cost of 
labour necessitates farmers to resort more and 
more to machinery, in order so far to reduce 
working expenses as to leave them a profit on 
their work. No person has done more than Mr. Walter Wood 
to improve reaping and mowing machines, and the machines 
now turned out of his works rank with the most perfect ones 
produced. To illustrate the marvellous extent to which this sort 
of machinery is used, during the last few years Mr. Wood’s works 
alone have sent out 190,000 reapers and mowers, and during 
the year 1873 no less than 20,700 have been sent out. A pre- 
carious climate, and the fact that farming, to be worked to a 
profit, must be worked on a very large scale, renders it necessary 
for the farmer to use implements which can clear off scores of 





















































THE PRACTICAL MAGAZINE. 


181 











acres of corn in a few days, and this. it is that makes the steps 
towards perfection made by such men as Mr. Wood of import- 
ance to the community at large. The illustration shows one of 
four reapers of improved pattern designed by Mr. Wood within, 
we believe, the last year. It is a one-horse manual delivery 
machine, strength and lightness are well combined in it, and 
the knife-driving machinery is well designed, as will be seen in 
the illustration ; the large driving-wheel is a ring with internal 
teeth, and this actuates a spur pinion on the boss of a bevel- 
wheel, and this latter acts on a pinion, which conveys motion to 
the knife-crank, the shaft of which is supported by an arm 
hanging loosely on the axle of the bevel-wheel; the tipping 
slatted platform and the finger-bar are carried by a bracket 
connected to an arm, which is connected by a chain with a lever 
and handle close to the driver’s seat, and by which the finger- 
bar can be raised or lowered at pleasure. A ratchet and pawl 
furnish means for locking the handle at any angle, while a foot- 
treadle enables the driver to tilt the platform. The driver’s seat 
is fixed to the shaft-frame by a clasp, which can be moved along 
the frame to suit the length of the driver’s legs and give him 
firm foothold. 

With regard to the remaining three of the four improved 
machines—taking them as 1, 2, and 3—No. 1 is an iron-framed 
machine, one or two points of improvement in it having been 
effected, we believe, last year; it is a mower, and the essen- 
tial points of difference between it and the corresponding 
1872 machine are, that in the latter the whippletrees were 
above the pole, and the pole itself fixed into the axle; but, 
with a view to reduce draught as much as possible, the 1873 
machine has the whippletrees beneath the pole, thus taking 
the line of draught more directly through the centre of gravity 
of the machine; the pole, too, is set higher, being secured 
to the main axle, which also sustains the driver’s spring seat. 
A guard is also fitted, to enable the machine to work uniformly 
and on a level, irrespective of mole-hills or other irregularities 
of the ground. The guard is an open one, the knife working 
over the space instead of on the finger-bar ; and the guard being 
slipper-shape, the inventor claims that this machine will cut 
lower than other mowers. With regard to this point, the judges 
of the trials at Manchester, in 1869, observed :—* In this machine 
a peculiar slipper-shaped finger was used, which we think gave 
it an advantage in these trials, as it admitted of a lower cut being 
made, without the danger of the points penetrating the ground.” 
The number of parts in this machine are reduced to a minimum, 
and all the bearings lined with brass; the machine is well 
balanced ; the floating-bar has an elastic-hinged connection 
between the finger-bar and the frame, and the driving-gear is 
arranged so that the knives are started instantly, hence no 
necessity exists for backing the machine before beginning to cut. 

No. 2 machine is a combined reaper and mower, and in its 
design due attention has been given to the difficulty of cutting 
thick, heavy, damp grass-crops without choking the machine, 
and the raker’s seat is situated so as to give a good balance to 


backed, or turned, or run in sharp curves without difficulty ; the 
connecting-rod is set low, so as to come nearly in line with the 
knife, and this latter is set in a direct line between the two 
wheels ; the height of the cut and the points of the guards are 
under the control of the driver, and can be regulated easily, 


THE IRON SHOEMAKER, 


\T was not to be expected that an industry so im- 
portant as that of making boots and shoes should 
long escape the ingenuity of those who aim at 
doing by machinery everything that can be done 
by hand. Consequently, when the sewing ma- 
Sl chine was introduced, attempts were immediately 
made to employ it in shoemaking, and as far as the light work 
connected with the uppers was concerned, its use was tolerably 
successful. But for the heavier work of sewing on the welts 
and soles, it seems to have been early taken for granted that 
improvement must be achieved in some other direction. Hence 
screws and the so-called rivets were employed with but indif- 
ferent success, since the destruction of elasticity in the sole—a 
most valuable quality—was a necessary result, besides the 
invariable protrusion of the metallic fastenings in the inside of 
the boot, leading to extra wear of stockings and irritation to the 
feet. Still the modern necessity of producing boots cheaply and 
in large quantities has given employment to boot-rivetting 
machines ever since the elder Brunel made them at Chelsea in 
1814. Although the defects of such boots were discovered by 
the painful experience of our soldiers in the Peninsular war, there 
is a proposal again to employ them for the army—a suggestion 
at which we may be permitted to express surprise, since it is 
tolerably well known that machine-made boots are now in the 
market which are far superior to any of the rivetted varieties. 
The wisdom of our ancestors, though it may please us to call 
it foolishness in many matters, seems, in shoemaking, to have 
reached perfection so far as concerns the general principles on 
which it is founded. In the British Museum may be seen the 
shoe of a Roman soldier, found on excavating near the Thames, 
and a short inspection will show that this sample of St. Crispin’s 
art was made two thousand years ago, identically as in our own 
time a sewn welted blucher boot is manufactured. The experience 
of ages thus seems to be in ‘accordance with the most approved 
theory of modern times, and it may be laid down that a sewn 
boot is the very best form of foot covering, and that if boots 
are to be made by machinery, that machine will prove the best 
which imitates successfully the hand-sewn boot with so good a 
reputation. This will not be questioned, but those may fairly 











doubt the possibility of the thing who have watched the laborious 
task of sewing on a boot sole. The piercing of a thick material, 


the machine, and give the man full power over the whole thing. | the insertion from ome sides of two well-waxed threads, the 
these, attended by an effort of tightening 
| which produces a permanent callosity and crookedness of the 


No. 3 machine is a self-delivery reaper, having the grain-wheel | drawing through o 


and the driving-wheel so arranged that the machine may be 
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Fig. 1. 


fingers—this would, in sooth, appear to be a task impossible 
even to the ingenious mechanician of the latter half of this 
nineteenth century. 

But the thing can be done, and a recent visit to Brampton 
Mill, Newcastle-under-Lyme, has given us the opportunity of 
seeing it with our own eyes. The first machine, which united 
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Fig. 2, LEATHER-CUTTER FOR CHANNELING, 
FEATHERING, &C. 


with two waxed threads the seams or joints of belts and strong 
boot tops, was patented by J. Keats and W. S. Clark in 1863. 
But the form of this machine did not permit of shoe soles or 
welt-boot inseams being sewed, a subsequent step which was 
achieved by the improved machine of Messrs. Thomas Green- 
wood and John Keats, patented in 1867 and 1869. A descrip- 
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tion of this appeared in the “ Mechanics’ Magazine” of May 15, 
1869. The use of this machine was chiefly confined to that 
class of boots which could be made off the last; hence the 
inventors were by no means satisfied, but have since extended 
their efforts, until now, by the use of various contrivances, boots 
of all kinds are manufactured with, perhaps, the minimum 





Fig. 3. BOOT-LASTING. 
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amount of assistance from human hands. More than this, the 
boys and girls employed need have no special training. After 
being taken from the field or the factory, three or four days’ 
instruction is sufficient, and thenceforward they can turn out 
machine-made boots and shoes equal to those made by hand- 
sewing. The whole of the machinery employed is the invention 
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Fig. 4. WELT-SEWING MACHINE, PRODUCING 
STITCH SHOWN IN FIG. 5. 


of Messrs. W. and J. Keats, and Mr. Greenwood, of the firm of 
Greenwood and Batley, who are its manufacturers. 

Perhaps the best method of illustrating the processes and 
appliances in the Brampton Mill will be to follow the leather 
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Fig. 7. HEAVY SOLE-SEWING MACHINE, 





during its conversion into shoes and boots. The first stage is, 
of course, a the pieces of leather intended for soles, heels, 
and up This is simplicity itself, being effected by cutters 
or punches se tthe those with which buscuits are cut out of dough, 
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Fig. 6. PLACING AND CONTOUR MACHINES 


the requisite pressure being furnished by a platen continually 
moving like that of a printing press. The uppers are then 
doubled up, and the bend for the instep given to them by an 
ingenious blocking machine giving pressure in the directions of 
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: GIRLS PREPARING SOLES FOR STITCHING. 


a cross, so that a flat piece of leather cut to shape is converted 
into a well-formed front upper, adapted exactly to the form of 
the foot. The up — is then “closed” by the Crispin closing 
machine, using ordinary waxed threads made from flax in the 
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usual way as when wanted for hand-work. The sewing in- 
strument pierces the material to be sewn, without the thread, 
and after the first thread is seized, the second, or shuttle-thread, 
is not drawn into the material until the awl is out of the work, 
and thereby draws sewing material into the hole made, quite 
sufficient to fill the hole tightly. This has never been done by 
any sewing mechanism. ; 
The welts are cut by the sharp edge of a rapidly revolving 
disk of steel, their width being regulated by a movable gauge 
upon the table. This simple contrivance is becoming used 
for cutting millbands, &c., and is likely to be useful for many 
similar purposes. The welts are then grooved and bevelled 
by the machine represented in fig. 2, which is adaptable, by a 
change of cutters and guide rollers, also to channel the soles of 
all kinds of boots ; by it heel-lifts are obliquely split, pump soles 
are bevelled and feathered, in-soles flanged and feathered, in 
fact, all the necessary cutting of the sole material for a pair of 
boots is done so expeditiously that three of these machines, 
used by the Crispin Shoe Company, and worked by three boys, 
are found to do the work it would take twenty of the cleverest 
men in the trade to do. The action of the machines is, first, 
supposing the cutter fixed, as at E, the sole to be cut is placed 
between the feed and guide wheels, I and I’, the strap is brought 
on to the speed-pulley by handle K, and as the work is to be 
done by the feed-wheels moving the material from right to left, 
the foot pressing on the foot-lever, F, brings down the top feed- 
wheel, I’, and all that is necessary for bevelling or cutting to any 
suitable contour is to hold the material up against the stop seen 
between the feed-wheels. The flanging and feathering of the 
in-sole is considered as so difficult a piece of work by hand, that an 
apprentice of less than three years’ experience is not suffered to 





a. Sewing Hook. 
6. Shuttle. 
c. Thread Pinion. 





Fig. 5. NEW CRISPIN TIED STITCH, 


risk the spoiling of good leather by attempting it. This machine 
can be manipulated after half-an-hour’s practice, and produces 
perfectly regular work. 

The rudimentary boot is now placed upon a last, and by the 
aid of the lasting machine (fig. 3) the toe is perfectly shaped. 
A regular pressure being applied instead of the uneven pulling 
and stretching by hand, all chance of unequal pressure on the 
toes of the wearer is eliminated. In our figure the right-hand 
figure is working on levers and grippers, to stretch the boot front 
by the left hand, and block the toe with the right; the left-hand 
figure is placing the in-sole to the position the seam must occupy. 
Two operatives with this machine will perfectly last 150 pairs of 
men’s boots per day, whether the material is the stoutest cow- 
hide or lightest English calf. This is, we believe, the first really 
practical lasting machine yet brought out, and certainly the first 
yet made public where female labour is sufficient for lasting 
miners’ and navigators’ boots of all kinds, and has been patented 
by Messrs. Keats and Greenwood this year. Another sewing 
machine now takes the material in hand. This (fig. 4) is the 
result of eight years’ experiments, and produces the stitch as 
shown in fig. 5, which, it will be seen, is a perfect tied stitch. 
This was never, to our knowledge, done by sewing mechanism 
on heavy work until the present year. The knot is as perfect as 
though each stitch was tied by human hands, This machine 
will sew in the welts of boots, sew round the heel, and stitch 
what is known as the French waist and fair-stitched forepart of 
soles. As is shown by fig. 6, the needle is not eyed near the 
point like a common sewing machine needle, but hooked, after 
the fashion of a crochet hook. This is an almost immeasurable 
advantage. The piercing of the leather is thus effected by a 
steel instrument—just as in handwork—without the necessity of 
carrying a thread with it. When the double thread is subse- 





quently put through this hole, the space is entirely filled up 
again, and by the tendency of the displaced particles of leather 
to regain their position, the same solidity is thus achieved as by 
the best hand-work. The hook draws up, as it ascends after 
piercing, the thread supplied by an intermittent thread guide 
from the bobbin below, and the shuttle above introduces into 
the loop thus formed the upper thread, while the hook is freed 
from thread by the lateral motion of the feeder, and is driven 
down again to pierce another hole and draw up another stitch 
from the lower thread. A partial turn of the under thread guide 
produces a twist in the stitch, which makes it essentially a twisted 
lock-stitch of wonderful strength. Waxed thread is used, and is 
kept warm by gas jets, so that no rigidity interposes to prevent 
a proper tightening of the stitching. 

The next stage is “ shanking, filling, rounding, and placing.” 
This is effected by the “‘ contour machine” (fig. 6). Here a set 
of steel plates, cut out of the contour of any shaped boot as 
required, after the in-seam is sewed, are bent to the contour of 
the last on which the boot is being made, and are hinged at the 
heel, the joint of the hinge being a rule joint. One side of the 
plates open out sidelong by this lateral movement. There is 
room left for the boot to be inserted heel foremost, and with the 
sole uppermost ; the boot is then secured to its position by the 
lever and screw, S, and the toe is held by a block corresponding 
with the toe-block of the lasting machine. This block is forced 
up to its position by the screw, T, and the boot is then held so 
that the girl, as at left hand, can fill in the shank and space of 
bottom between the welt seams, so that the proper work of pre- 
paring strictly to the contour required is easily done by girls, as 
shown. The next operation is to place on the middle sole, which 
is being done by the centre figure ; after that the sole is placed 
on and tacked ready for stitching, as is being done by the right- 
hand figure. The boot may be then removed, and it is ready 
for stitching the sole on, as shown at Nand N’. This com- 
pletes the actual construction of a perfect welted sewed boot, 
and, without doubt, is the first time of machinery carrying out 
the entire range of details common to hand-made welted boots 
—the most costly.and best system of boots for foot covering 
known. The old hand-made shoemaker will not allow his 
apprentice to do the work of rounding and fitting before three 
years of his apprenticeship have expired; so, as the Crispin 
Shoe Company have thirty girls employed, with as many 
machines, doing this work, and producing good practical results, 
at a cost barely a percentage of the old hand-plan, the success 
of the machine is quite apparent. 

The soles are stitched to the welts by the machine shown in 
fig. 7. This is in principle very similar to the other sewing 
machines, illustrated herewith, but is capable of doing extremely 
heavy work. The soles, nearly an inch thick, of miners’ and 
navigators’ boots, are perforated with the greatest ease, and the 
stitching almost seems to grow under the eyes of the spectator. 
This, as are the other machines, is started by slight pressure 
upon a treadle, which works an ingenious friction clutch with 
very good effect. 

The boot is now practically made, though to inexperienced 
eyes it looks somewhat distorted, owing to the sole-stitching 
having pulled away the welt from-the upper. The sole is 
squeezed into shape by a powerful press (fig. 8), so that the boot 
is adapted more accurately to the form of the last. This press 
is also used for pressing heels into shape. It has on the under- 
side of its table a piston rod and lever, so mounted that after 
the heels are pressed into suitable form and substance in the 
die or mould, M, by pressing on the foot-lever the false bottom 
of the die is lifted up, and the compressed heel, being made to 
any requisite form, is lifted out. The die or mould is made 
about seven inches deep, in a block of cast iron, the sides of the 
mould having different bevels or inclines suited to different forms 
of heels ; the lower face of the heel is determined as to the 
shape by the blocks, which are held in the dies by screw, N ; 
these blocks are shown on the left hand on the table of the 
press. The blocks on the right represent the different forms of 
plungers, and it will be seen by the lower end of plunger, O, 
that a convex surface is left so as to press the heel to suit the 
heel of the foot. 

A little paring and finishing, including the addition of nails, 
iron heels, tips, &c., for heavy boots, which are smoothed by 
Bessemer’s emery-stone wheels, is all that now remains neces- 
sary. An upright work-bench is employed to aid in this 
operation. This is an apparatus for holding the boot in a 
similar position to that in which the old shoemaker held the 
boot on his knee. There are two cylindrical forms of cast iron, 
one fitting inside the other; the upper one supporting the cradle 
for the boot to rest in, and with Stee for the iron heel peg; 
the lower one, which is by its upper flange screwed to the table, 
and carries the brackets at its lower end to hold the lever and 
stirrup on one side, and the rack on the other. As the stirrup is 
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Fig. 8, HEEL-PRESS, USED ALSO FOR SHAPING SOLES. 


held by a swivel-joint, it will be seen the boot can be turned to 
any angle while being securely held by the stirrup. This shoe- 
maker’s bench has been found more conducive to the health of 
the shoemaker than anything yet introduced as aid to the trade 
since boots have been made on the factory system, and the work 
is held with such firmness that it is perfectly easy for girls to do 
work that was once considered only fit for men. 

The mechanical appliances above described are of course of 
primary interest to our readers, but there are other matters at 
the Crispin Company’s works that are well worthy of attention. 
These are :—the admirable system of division of labour, the 
careful supervision over both workers and material—which last 
is utilised with the minimum of waste and the best precautions 
against the petty vice of “cabbaging ”—and last, but not least, 
the useful means provided for employing the superabundance of 
female labour which the district affords. This, indeed, is a very 
notable feature of the concern, and of itself is well worth the 
careful consideration of all who are attempting to solve one of 
the most knotty problems of the day. These, however, we can 
but hint at. 

Another subject which should be mentioned is, that although 
we have chiefly referred to the huge and clumsy boot worn by 
miners and navigators as being successfully made at the Bramp- 
ton Mill, we must not be taken as wishing to exclude the lighter 





kinds. Every variety of foot covering is there manufactured— 
from the light pump-sole slippers, which take one minute per 
pair to sew, to the navvy’s boot, a pair of which is completely 
sewn in twenty-six minutes. By a personal test we have satisfied 
ourselves of the durability of the Crispin Company’s manufac- 
tures, an ordinary pair of boots having worn well for four and 
a-half months before they required new soleing. At all events, 
it is, we think, manifest that the machine manufacture of boots 
and shoes is now in such a state of perfection as to be far 
beyond the stage of experiment, and that no praise can be too 
high for the courage, enterprise, and ingenuity of those who 
have effected this revolution in a trade which was evidently 
unequal to the demands that have latterly been made upon it. 


NEW process of making paper has been invented by 
an American gentleman, Mr. James Herron, of Wash- 
A\\] ington. He manufactures it from varieties of the palm, 
4 which is cut or torn into small pieces, then cooked in a 
close digester, with thorough agitation, and under steam pressure 
in a weak solution of alkali, naphtha, benzine, or soap ; after 
which the material is completely ground while steam ses 
freely through the grinder and intermingles with it, reducing, 
bleaching, and finally washing it. 
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HORIZONTAL ENGINES BY THE GENERAL ENGINE 
AND BOILER COMPANY. 














-—<-s—\HE two illustrations at page 187 show respectively 
oS) ae a horizontal condensing (fig. 2), and non-condens- 
); i Soy ing engine (fig. 1), designed and constructed by the 
( 3] A] General Engine and Boiler Company. Both, with 
Fs RS)))| the exception of condenser and air-pump, are 
<== somewh..i alike. The general design is as follows: 
There is no bed-plate; the cylinder is cast in one with a pair 
of small girders or bars, the further extremities of which are 
formed as pedestals, to contain the brass bearings for the crank 
shaft journals ; between the two girders at the cylinder end is a 
flat cross web, on which the slipper-guide of the piston-rod 
works. The arrangement of the crank is very neat and mecha- 
nically scientific. The crank and pair of journals are as closely 
arranged as they can go, and are in one piece of cast-steel ; in 
order to save room, and yet also to provide a bearing at each 
side of the crank “throws,” these latter are made very thin, and 
being so made they must of necessity be solid with the journals 
—he, in fact, similar to a common slotted crank. Slotted cranks, 
however, are very costly affairs, and the General Engine and 
Boiler Company state that their practice of making the crank 
and journals of cast-steel is very much cheaper. A shaft, if 
other wheels are wanted besides the fly-wheel on the same 
centre, is bolted to an ordinary coupling disc on the crank shaft, 
and prolonged as required ; but one of the merits claimed for 
this engine is that all driving strains come directly through its 
centre of gravity. ‘The throws of the cranks are discs, and the 
fly-wheel is, so to speak, double—that is, instead of one wheel 
of a given thickness, two of respectively half the thickness are 
employed ; they are bolted to the two crank discs; the crank- 
pin is bored out hollow in the centre, and a screw plug placed 
in either end ; the centre is filled with tallow to lubricate the pin 
and its brass, in the event of the crank pin heating from the 
absence of the ordinary lubricant. 

The slide valve used is a piston equilibrium valve of brass of 
ordinary type, so no loss of power takes place to work it, and it 
is designed to cut off at half-stroke in the case of small engines. 
Engines designed to use a higher degree of expansion have 
a separate cut-off valve, of what may be termed the grid- 
iron piston type, and actuated by a little crank-pin fixed in 
the eccentric of the ordinary valve. A rod from this engages 
a lever arm at the valve-box in such a way that it can 
be shifted on the arm, even as is done with a link motion, 
and by raising or lowering the rod, the degree of expansion is 
altered also in proportion ; the cut-off valve is acted upon by a 
finger or lever on the same spindle as that of the lever on which 
the eccentric crank-rod is fitted ; the valve is on the same spindle 
as the regular valve, being situate between the two pistons form- 
ing the latter, but not fixed thereto ; it is, in fact, only “strung” 
on the rod. Where so desired, the governor of the engine is 
connected to the crank-rod of the expansion valve, and raises or 
lowers it as the engine load varies. In the condensing engine 
the air and feed pumps are worked from a projection on the 
slipper of the piston-rod. The engine is supported on the hot- 
well of the condenser at the one end, and on a bracket at the 
other end, as seen in fig. 2. In the plain or non-condensing 
engine the entire structure rests, as can be seen in the illustra- 
tion, on two slightly projecting parts of the frame, thus placing 
the points of support directly beneath the two points of greatest 
strain, 


A RAILWAY UP MOUNT VESUVIUS. 


JHE “Liberta” of Rome describes the model of a 
“funicular railway,” the concession of which has 
been applied for to the Italian Government by a 
company that proposes to construct it up to the 
crater of Mount Vesuvius. The model consists of 
an inclined plane, presenting a gradient of thirty- 
three _ cent., with a double line of rails, one for going up, and 
the other for the descent. The engine, which is fixed at the 
bottom of the plane, sets two drums in motion, round which the 
metallic cable is wound by means of which the trains are drawn 
up and let down simultaneously. This plan appears to be pre- 
ferable to the rack-and-wheel system used for the ascent of 
Mount Righi, both as to the working and cost. The section, to 
the slope of the mountain at San Giuseppe, is to be performed 








by common locomotive, the rope is then put on, and the ascent 
commences by the new plan. The whole length of the railway 
will be sixteen miles ; the time required between Naples and 


the crater is calculated at an hour and a quarter, and the whole | 


cost of the line is estimated at four millions of francs. The 
funicular system is of course no new invention—the improve- 
ments lie in the details. The company are very sanguine as to 
the results ; they say that as upwards of 40,000 travellers annu- 
ally ascend the Righi for the sake of its fine view, they may ex- 
pect more to go up. Mount Vesuvius, which, owing to the sea, 
offers a far more magnificent view. 


EUROPEAN RAILWAYS—AS THEY APPEAR TO 
AN AMERICAN ENGINEER. 


By W. HowarD WHITE, C.E.' 


RAILWAY built upon the American idea of first 
getting the line built on a cheap system, and then 
; bringing it up to first-class = as ons — 
Is ermit, is a thing almost unknown in Europe. In 
ds (y's) S fost one case, the writer noticed a road “a built 
ZI ISS upon the economical plan, with wooden bridges. 
One thing that strikes an American curiously is the immense 
amount of trouble taken by engineers in laying out work for con- 
tractors. The immense number of all sorts of signals, grade 
posts and profiles, the latter not only for banks and cuts, but even 
for borrow-pits, would render nearly double the number of engi- 
neers necessary with which an American road is built. 

In making banks, it is the practice to remove the surface of 
the ground, in case it is either of bad material, or where it fur- 
nishes sod for covering slopes, which are almost always either 
sodded or carefully planted with grass seed, producing un- 
doubtedly a great saving in the after expense of cleaning ditches 
in cuts. Upon one road in the Tyrol, a curiously favourable 
combination of circumstances was seen in a low bank across a 
meadow, formed from side borrows. The sod from the base of 
the bank was just sufficient to sod the slopes, and at the bottom 
o owe side borrows was found a nice layer of clean gravel for 

ast. 

Tunnelling has been carried to a point in parts of Germany— 
notably in the Brenner Pass in Tyrol, and on a new road in the 
Black Forest—the equal of which would be hard, if not im- 

ossible, to find in other countries. In one place on the latter 
ine, the engineer having run his grade into the bottom of the 
valley he was climbing, boldly turned somewhat more than a 
quarter circle directly into the hill—instead of crossing the 
valley—and came out again on the same side of the valley, above 
his previous line. At another place he madea curve of somewhat 
go® underground, and then reversed for 30° before coming out 
again into daylight. The plan of this Black Forest line is a 
curiosity of itself. It presents two complete S’s, in the necessity 
the engineer was under to get the distance for a certain grade, 
and there are twenty-five tunnels in a distance of less than 
seventeen miles, ranging from mere bridge arches in point of 
length, up to the summit tunnel, which is over a mile long. 

Tunnels are made in many cases, where, with us, they would 
be decided extravagances ; but the circumstances are so different 
—what with the greater cost of the land, and the less cost of 
labour—that it is impossible as a mere looker-on to judge 
them. European roads use a greater depth of ballast than 
is common with us, though perhaps no more, except in rare 
cases, than is usual on our first-class roads, 18 in. being 
about the average, The profile of the ballast is generally 
level or nearly so for the whole width of the road-bed, the 
entire reliance for drainage being upon the porosity of the 
material used. German roads, including those of Austria (of 
which the practice is in the main the same) ballast up to the top 
of the tie ; the English, half-way up the web of the rail, leaving 
at every third or fourth tie a cross-gutter between the ties ; while 
the French ballast up to the bottom ofthe top rail-table, round- 
ing the ballast on the inside of the track, however, so as to carry 
it down to the bottom of the splices at the rails, while remaining 
of the full height at the centre. The latter practice deadens the 
noise considerably, but is of course very inconvenient for “ sur- 
facing ” track. 

One is struck, even in Germany, where railways are built in a 
more economical manner than in France or England, with the 
extravagance, as it seems to us, in certain ways, such as the use 
of skew bridges, for instance. Ina short length of road, over 
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1 “Transactions of the American Society of Civil Engineers.” 
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an insignificant stream, one will see two or three skew bridges, 
where the stream could easily have been turned, to the avoid- 
ance of the extra expense. Another favourite and useless fea- 
ture are the double-deck stone bridges to be seen in various 
parts of Europe, notably on the road over the Semmering Pass, 
not far from Vienna. The engineers of these bridges seem to 
have been afraid of having the piers shaken down by the motion 
of the train, and have consequently built their bridges in two 
tiers of arches, the lower tier serving the imaginary object of 
preventing a flexure of the piers in the axis of the bridge, and 
having the disadvantage of detracting very much from lightness 
and grace. 

The favourite iron bridge in Europe, even at the present day, 
is the lattice truss, with larger or smaller lozenges between the 
pieces. Wrought-iron is used almost exclusively—except for 
arched bridges—both top and bottom chords being built up of 
thicknesses of plate, with a double web at the bottom and top 
of the upper and lower chords respectively, between the plates 
of which the ends of the lattice are inserted, and thus secured 
by riveting to the chords. 

The rail sections used on the continent are similar in the 
main to our own, but much heavier as a rule, and also higher in 
proportion to the width of the bottom flange, the modern Ger- 
man standard rail section weighing from 75 to 85 lbs. per yard, 
and being from 43 to 51 inches in height, with a base of about 
4 inches, which weights and proportions are also about those 
of the most approved French practice. English rails are of 
about the same weight or a little heavier, but they are almost 
universally of the double-headed pattern. France has still a 
number of lines laid with double-headed rails, but the practice 
inclines to the other. The ties upon the continent are about 
3 ft. apart. Our practice of placing the ties nearer together 
equalizes somewhat the lighter weight of our rails. 

European rails are generally symmetrical, the inclination for 
the coning of the wheel being given upon the tie ; but in two 
cases of roads in Germany where new rails were being laid, the 
writer observed rails going down with the inclination in the 
head itself, which is, perhaps, an indication of the modern 
tendency. The more ordinary position on the continent for the 
notch to receive the spike holding the rail in position longitu- 
dinally is the middle of the rail, but since it has been so 
thoroughly proved that these notches diminish the strength of 
the rail to a great degree, it is hardly probable that this practice 
will continue in spite of its convenience as compared with 
notches at the end. 

The split switch so commonly used upon our western roads 
is almost the only one used in Europe. The switch lever has 
no locking apparatus, but it is kept in place by the counterweight 
upon a short movable arm nearly at right angles to the lever. 
The swinging of this arm a half circle around the lever brings 
the weight into place to hold the switch in one or the other 
position. This arrangement has the advantage of flexibility, 
so that the “ running through” of a switch by a careless engine- 
driver does not throw any severe strain upon the apparatus. 
It would perhaps be hardly safe to apply it, except where, as 
almost universally in Europe, the switchman is constantly on 
hand to see that everything is right. 

The guages throughout Europe are, with few exceptions, 
4 ft. 81 in. The most notable are of Spain and Russia, the 
former being 5 ft. 81 in., and the latter 5 ft. 

In Germany, the first item in the way of signals that strikes 
an American is the electric bell system used for communicating 
information or instructions of simple character to the watchmen 
who are stationed at more or less regular intervals—generally 
at level crossings—along the line. Each watchman’s station is 
provided with a gong of large size, mounted on a little building 
—or rather, upright box, containing the mechanism. The 
gongs, by the way are generally double, and the notes are made 
harmonic, being said to be more effective for hearing than 
single bells. Upon all of these bells between any two stations, 
signals are made simultaneously by means of hammers striking 
the bells, operated from either terminal station. The signals 
given are few in number, the chief ones being the departure of 
atrain from one or the other station, signalled by a different 
number of strokes. The effect of the striking of these bells is 
sometimes very pretty, particularly when heard from a high 
point, where these at several stations can be heard striking 
at the same time, the strokes coming to the ear, however, at 
different instants. 

Many roads upon the continent now use an electric switch 
signal at either end of a station ground. This signal stands 
normally at danger. When, however, a train is expected and 
everything is clear, the switchman sets the signal at “all right,” 
whereupon an electric bell is set in motion at the station, which 
rings until the train has passed, and the watchman has released 
the signal, which goes back to “danger.” It will be noticed 





what a safe signal this is. Since it stands ordinarily at 
“danger” no train can enter the ground until the signal is set. 
If either the signal is not set, or the apparatus has fallen out of 
order, the station-master, not hearing the bell in action when ~ 
the train is expected, investigates the matter. If, on the con- 
trary, the signal does not go to “danger” after the train has 
passed, or if the apparatus gets out of order, so that the bell 
continues to sound, the station-master is equally warned. This 
apparatus is used upon a few roads with us, the Eastern R. R. 
of Massachusetts for one, since the unfortunate collision at 
Revere, some years ago. 

A little convenience for superintending engineers, road- 
masters, and others interested in knowing the rate of grade at 
different points of the line, is to be found in the grade posts set 
throughout Europe, at the points of change, consisting simply of 
a post, rising any convenient height above ground (most com- 
monly only a foot or two), with two pieces of board fastened to 
it like the arms of a sign-post, which are, however, inclined to 
show the direction of the respective grades, and are marked 
with the rates of grade, and generally with the lengths of the 
respective inclines or levels. 

Signals and crossing-gates, the latter generally simply bars 
like old-fashioned well-sweeps, held open by a counterpoise on 
the short end, are operated at long distances, in some cases (at 
different ends of a tunnel for instance) as great as a mile or 
more, by wires running upon little rollers at regular intervals ; a 
system which I believe is only to be seen upon our side of the 
water, upon Canadian roads, unless in some exceptional cases. 

Traversing and turn-tables for transferring freight-cars from 
one track to another are very much used ; every station being 
provided with at least one transverse line of rails for connecting 
the various tracks. The transverse track on the same level 
with the main lines, and having turn-tables at its intersections 
with them, is the most popular, and is a decided convenience 
where a large staff of employés is on hand to move cars, but the 
much greater length of our cars, and the consequent increase in 
the expense of such apparatus will probably prevent its being 
adopted extensively in the United States. 

There is one use of traversing tables, however, which has not 
fallen under the writer’s observation in the United States, and 
which seems a very useful one in cases where economy of space 
in engine-houses is a consideration ; that is, what is called the 
rectangular system. As practised in France, where chiefly used, 
it consists in arranging the engine-stalls upon parallel tracks in 
a building divided in the centre by a pit, with a transverse sys- 
tem of rails, carrying a transfer table. Each of the parallel 
tracks gives two stalls, lying upon either side of the transfer pit, 
whose table, generally provided with a small steam-engine, gives 
the means of moving an engine from the entrance track to any 
stall, and wice versé. Under the system as practised abroad, 
the pit is covered, which involves a great expense of roof over 
waste space—the chief defect of the system. If snow should not 
prove too great an obstacle, there would not seem to be much 
reason otherwise why the pit should not be left open, dividing 
the house into two separate ones. The system offers consider- 
able advantages over lunettes or round houses for repair engine- 
houses, in the greater facility it affords for setting up shafting or 
travelling cranes. 

The lightness of the running gear of European rolling-stock 
strikes the American observer. Freight cars weighing but 
10,000 pounds, carry 20,000 or even“as much as 30,000 pounds ; 
and although the proportion is generally far from being so 
favourable in the passenger stock, it is on an average, perhaps, 
even more favourable in comparison with our own. Some of 
the double-deck cars, which are quite common upon French 
roads, exhibit a most extraordinarily small proportion of dead 
weight. One on exhibition at Vienna, with a capacity of ninety 
persons, weighed only 11°75 tons. It would seem these cars 
might be made even lighter, were it not for the side buffing 
system, which throws heavy diagonal strains upon the floor 
frames. The secret of the thing must lie in the superior average 
character of European permanent way, and it is an interesting 
question if, upon the great roads with us whose road-bed and 
tracks are nearly or quite as good as those of Europe, it is not 
possible to make some radical reforms in that matter, at least in 
— stock, which is not liable to wander upon badly kept 
roads. 

The wheel-coning in Europe is generally one-twentieth, the 
tendency being rather towards increase than diminution, some 
roads having made it as high as one-sixteenth, and one-seven- 
teenth having been found to give good results. The Vienna 
and Salzburg line tried the experiment of doing it away alto- 
gether, but it is conceded that the results are bad. 

Brakes in Europe are seldom applied to more than a limited 
number of vehicles in a train. The French “ Direction of 
Roads and Bridges” has declared the Westinghouse brake too 
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complicated in its connection between cars to render its adop- 
tion probable upon French roads ; a dictum rather astonishing 
to any one who knows how infinitely more simple the connection 
is than the ordinary European car-coupling, which involves the 
giving of at least half a dozen turns to a sort of vice-handle 
which has to be released and seized again at each turn, 


NOXIOUS TRADES AND PROCESSES: PRE- 
CAUTIONS IN FRANCE. 


>| HE comparative unhealthiness of trades, employ- 
ments, and processes is a subject which in recent 
years has occupied much attention on the part of 
the government and the legislature. It was not 
always so. Men of middle age can recollect the 
= time when such matters were deemed “ nobody’s 
business ;” that as it is open to a workman to determine in what 
kind of employment he will earn his living, and for what wages 
he will work for a particular employer, it was equally open to 
him to study—or neglect to study—the effect of his daily life 
on his own health. There was a difficulty in determining how 
far the legislature could interfere, and in what direction. The 
advocates of a “paternal” government believe that the autho- 
rities should make their influence felt everywhere, and control 
all the movements of the public; whereas those who cling to the 
“laissez-faire,” or let-alone doctrine, demur to the influence of 
the state, as if it were an inevitable source of muddle and annoy- 
ance. Only by degrees has the fact become apparent, that the 
truth lies between these two extremes. There is now a general 
recognition of the necessity of adult men settling the wages of 
labour among themselves, and the detailed arrangements under 
which that labour is applied; but this is accompanied by an 
admission almost as general, that public health, the mens sana 
in corpore sano, is a matter that governments cannot afford to 
disregard ; seeing that one unhealthy man, one unhealthy house, 
is a source of disease or insalubrity to others who are in no wise 
to blame. Noxious trades (to mention one only of the numerous 
sources of evil) are gradually coming under the supervision, to a 
limited extent, of the government of this country. It may be 
worth while to give an outline sketch of what has been done and 
is doing; but preparatory to this, it would be well to become 
acquainted with the proceedings of our neighbours the French, 
who are so much more accustomed to government interference 
than the insular Briton. No matter whether the régzme, in that 
unsettled country, is Bourbonist, Orleanist, Bonapartist, or Re- 
publican, the executive is always bureaucratic ; a vast organiza- 
tion of officials empowered to interfere in the proceedings of 
trades, schools, families, and individuals in a way to which we 
are little accustomed in England. 

Dr. Waller Lewis, medical officer to the General Post-Office, 
was requested, a few years ago, by the Home Secretary “to make 
a concise digest of the laws and ordinances in force in France, for 
the better regulation of noxious trades and occupations ;” and to 
visit French manufacturing establishments for that purpose, if 
necessary. The Report prepared in response to these instructions 
is not exactly of recent date; but it is so buried under piles of 
blue-books as to be almost unknown to any but officials. More- 
over, the facts which it communicates are nearly as applicable 
now as at that time ; and, on this account, we will give a sum- 
mary of them. 

It appears that, as far back as the year 1486, noxious trades 
began to be placed under regulation in France; potteries were 
suppressed in Paris, on the petition of inhabitants who dwelt 
near the locality. In 1567, the chifonniers or rag-grubbers, 
knackers, and tanners were driven from the interior to the 
suburbs. Various restrictions of analogous character, which we 
need not stop to particularize, were imposed later in the same 
century, and at several periods in the next two centuries. At 
length, in 1806, the Prefect of Police took up the matter in a 
more systematic form. He prohibited the establishment of any 
objectionable factories or workshops without official sanction. 
The applicant had to attend at the prefecture, describe the in- 
tended processes and materials, and explain any precautions he 
proposed to take to obviate injury to health, or danger of fire. 
Visits of inspection were ordered, and an endeavour made to 
shield the public as much as possible from injury or inconvenience. 
This plan, founded on a decree or ordonnance of the Emperor 
Napoleon, did not work so well as was hoped and expected. The 
Minister of Justice thereupon consulted the Academy of Sciences ; 
and a committee was formed, comprising the renowned savans 
Cuvier, Chaptal, and Guyton de Morveau. The investigations 





made by this committee led to an elaborate classification of trades 





and manufacturing processes; with a view of showing which 


among them are hurtful and annoying to the workpeople, or to the 
neighbours. From that time to this there have been frequent ad- 
ditions to the disfavoured list, and frequent decrees and ordon- 
nances relating to them, until at length the collection is quite 
formidable. 

It is neither necessary nor desirable to follow the steps of 
progress one by one. Suffice it to say that Dr. Lewis found a 
classification in force, placing all objectionable industrial opera- 
tions in one or other of three groups. Councils of Health are 
called upon to advise as to the class into which to place each 
trade mentioned, and the mode in which it should be organized; 
and not until the requisite formalities have been gone through 
can any new establishment be opened. Indulgence is shown 
towards such manufacturers as have been in the respective 
trades for some time, provided they evince a willingness to 
adopt any improved sanitary arrangements {that may be 
suggested, 

Trades placed in the first class (first in regard to danger or 
annoyance), must be kept at a distance from habitations, but 
not necessarily expelled from the outskirts of towns. The 
authorities determine whether the isolation is sufficient in refer- 
ence to the size and character of the works, the nature of the 
ground on which they are built, and the importance of the 
adjacent buildings. The applicant for new works in this class 
must address the Prefect of Police if the locality is Paris, and 
the Prefect of the department if in the provinces. Two plans 
must be sent in, external and internal. Placards or printed 
notices announcing the application are set up in every commune 
within three miles, and so remain for a month. The Maire of 
the commune in which the works are to be situated then holds 
a sort of inquest among the neighbouring inhabitants ; collects 
oral and written evidence ; and sets down all the testimony for 
and against the new scheme. The documents are sent to the 
Prefect, who forwards them to the Council of Health. If 
doubts or difficulties arise, the official routine becomes tedious 
to a degree that would wear out the patience of an English 
manufacturer. The Council of Prefecture, the Minister of 
Commerce, the Council of State, and the chief of the Govern- 
ment may all have a finger in the pie, each authority being a 
kind of court of appeal from the one next below it. Usually, 
however, sanction is given without so much elaboration. 

Dr. Lewis gives a list of the trades and processes which have 
one by one been placed in the first class. We here present an 
abbreviated and condensed abstract of this list ; it is interesting, 
as showing the grounds on which our French neighbours consider 
certain occupations to need watching. 

Abattoirs, or systematic slaughter-houses.—Bad odour. 

Aquafortis works.—Unpleasant odours and acid fumes. 

Pyroligneous acid works.— 

Sulphuric acid works.—Fumes 

vegetation. 

Refining gold and silver by sulphuric acid.—Insalubrious 

gases. 

Refining by cupel or reverberatory furnace.—Smoke and 

fumes hurtful to vegetation. 

Lucifer match making.—Injurious to health, and danger of 

fire. 

Starch making by fermentation.—Disagreeable odours. 

Resin works.—Danger of fire and bad odours. 

Pyrotechnic manufacture.—Unhealthy vapours, and danger 

of fire and explosion. 

Prussian blue manufacture.—Insalubrious. 

Gut spinning.—Filthy odours. 

Calcining bones.—Wide-spreading foetid smell. 

Pearlash works.—Disagreeable odours. 

Hemp steeping.— Unwholesome exhalations. 

Coke and charcoal making.—Smoke and suffocating vapours. 

Glue and size making.— Bad odours. 

Kelp burning.—Wide-spreading injury to vegetation. 

Cotton works.—Danger of fire. 

Glass works.—Much smoke, and danger of fire. 

Varnished and enamelled leather making.—Bad smell, and 

danger of fire. 

Printers’ ink making.—Bad smell, and danger of fire. 

Manure works.—Disagreeable and unwholesome odours, 

Knackers’ yards.—Repulsive odours. 

Ether works.—Danger of fire and explosion. 

Varnish works.— ” o 

Large furnaces.—Much smoke, and danger of fire. 

Pitch works.—Bad odours, and danger of fire. 

Tallow melting.— » ” 

Linseed oil boiling. — _,, ” 

Turpentine distilling.— ,, 


Litharge making.—Deleterious exhalations, 


unhealthy, and hurtful to 








Menageries.—Danger of animals escaping. 
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Bone and ivory black making.—Wide spreading and un- 

healthy odours. 

Piggeries.—Offensive noises and smells. 

Sal-ammoniac works.—Disagreeable odours. 

—_— melting and distilling —Bad odour and danger 

of fire. 

Metallic sulphate works.—Exhalations very injurious to vege- 

tation. 

Tobacco manufacture.—Bad odours and dust. 

Oiled silk and oilcloth making.—Unwholesome smell, and 

danger of fire. 

Tripe dressing.—Offensive odours, especially if drainage de- 

fective. 

In the second class of trades and processes are placed those 
which do not require rigorously to be kept at a distance from 
habitations, but which nevertheless are not to be established 
until after the opinion of neighbours has been obtained. Gene- 
rally speaking, the Prefect is satisfied with the opinion of the 
Council of Health, and gives or withholds permission accordingly. 
The following are the chief items in this list :— 

Absinthe distilling.—Danger of fire. 

Acid works, various.—Disagreeable odours, even if smoke 

well consumed. 

Steel works.—Smoke, and danger of fire. 

Bitumen and asphalte works.—Smoke, and danger of fire. 

Bleaching.—Disagreeable odours. 

White lead works.—Insalubrious. 

Brick and tile works.—Smoke, and bad odour. 

Laundries.— Unpleasant and unwholesome effluvia. 

Candle making. —Slight smell, and danger of fire. 

Hat making.—Bad smells, and dust of fur and hair injurious. 

Lime kilns.—Great smoke. 

Chromate of potash works.—Disengagement of nitrous gas. 

Sealing wax manufacture.— Danger of fire. 

Hide warehouses.—Noxious odours from undressed hides. 

Copper smelting.—Vapours injurious to health and destructive 

of vegetation. 

Distillery —Danger of fire. 

Potteries.—Much smoke. 

Tanned felt manufacture.—Bad smells, and danger of fire. 

Metal founding.—Noxious vapours, especially if lead, zinc, or 

copper. 

Large forges.—Much smoke, and danger of fire. 

Gas works.—Noxious odours, smoke, danger of fire and 

explosion. 

Curing fish.—Disagreeable odours. 

» bacon.— # 

Liqueur distilling.—Danger of fire. 

Boilers at high pressure.—Danger of explosion. 

Plaster and cement mills——Noisy, and exhalations injurious 

to health. 

Flour mills.—Noise and dust. 

Lampblack manufacture.—Danger of fire. 

Oxide of tin making.—Much smoke and dust. 

Parchment making.—Disagreeable odours. 

Phosphorus making.—Danger of fire. 

Sugar refining.—Smoke, odours, with danger of fire. 


The trades placed in the third class are such as may remain 
without inconvenience near dwellings, but should be subject to 
police surveillance. Such establishments may be authorized by 
the Sub-Prefect of the arrondissement of the sub-prefecture, the 
Prefect of the department, or the Prefect of Police. The follow- 
ing are the chief entries in the list ; but we may remark that we 
find the same trade in some instances entered both in the first 
and second class, or in the second and third. This we attribute 
to the fact that different ordonnances, applied to the same trade 
in different years, have varied in their estimate of relative in- 
salubrity. Very likely, by improved buildings, implements, pro- 
cesses, and manipulations, many trades deserve to be raised in 
their classification as years roll on. 

Acetic and tartaric acid works.—Slightly unhealthy. 

Ammonia and its sulphate-—Bad odour. 


Scagliola and artificial mastic works.—Bad odours, and danger 


of fire. 
Whalebone working.—Noxious and disagreeable odours. 
—- or batting wool or hair.—Offensive and hurtful dusty 

res. 

Gold and silver beating.—Continual noise. 
Borax and Spanish white manufacture.—Slightly unhealthy. 
Stamping metals.—Noise. 
Stamping leather.— _,, 
Breweries.—Much smoke, and some disagreeable odours. 
Brick kilns.—Much smoke at commencement. 
Camphor preparations.—Strong odour, and danger of fire. 
Typefounding,—Slight inconveniences. 





Cinder washing.—Slight inconveniences, 

Chicory manufacture.— ,, m 

Firewood yards,—Danger of fire. 

Charcoal depots.— ys Pe 

Wax and spermaceti melting.— Danger of fire. 

Horn working.— Unpleasant smell, 

Dye works.— “ ms 

Metal gilding.—Deleterious mercurial vapours 

Cattle and cow sheds.—Offensive odours. 

Potato starch making.—Bad odour from refuse water. 

Tin plate making.—Slightly unhealthy. 

Melting metals in crucibles.—Some smoke. 

Cheese depots.—Very strong odour. 

Making gelatine from bones.—Bad odour, if bones not fresh. 

Looking-glass making.—Mercurial vapour from quicksilver 

employed. 

Lake-colour making.—Slight inconvenience. 

Oil mills.—Disagreeable odours, and danger of fire. 

Paper-hanging manufacture.—Danger of fire. 

Shot and lead works.—Fumes of melted metal. 

Sabot smoking.—Smoke. 

Saltpetre manufacture.—Smoke and danger of fire. 

Manufacture of soda and sulphates.—Smoke and smells. 

Soap manufacture.—Smoke and smells. 

Salt refining.—Slight inconvenience. 

Wire drawing.—Noise, and danger of fire. 

Slaughter-houses.—Offensive odours. 

Meat preserving.— Slight inconvenience. 

Vinegar making.— a 

It is observable that many of these trades are more French 
than English ; arising partly from the different habits of the 
people, partly from the materials which are more readily available 
to them. Such, for instance, as archil making, combustion of 
kelp and other sea plants to make alkali, absinthe distilling, 
asphalte preparing, charcoal burning, smoking sabots (reddening 
wooden shoes by exposing them to the smoke of a wood-fire), 
beet-root sugar making, burnt sugar or caramel making, firewood 
and charcoal depots, making fine thin sheets of gelatine from 
bone, &c. We may remark that when an application is made for 
permission to establish a manufacture, the salubrity or insalubrity 
of which has not yet been determined, the Prefect or other 
authority may withhold permission for a time, until the processes 
have been examined and placed in one or other of the three 
classes. 

The list of Ordonnances and Decrees promulgated from time 
to time, placing particular trades under restrictions and regula- 
tions, is very large. They comprise distinct reference and appli- 
cation to abattoirs, knackeries or horse slaughter houses, gut and 
bladder cleansing, musical string (misnamed catgut) making, 
bone boiling, animal charcoal making, manure accumulation, 
glue and size manufactures, tanning and leather dressing, candle 
making, Prussian blue making, soap making, tallow melting, 
cow-keeping, bakeries, white lead manufacture, lead shot making, 
brick making, gas manufacture, metal gilding, percussion cap 
making, firework making, lucifer match making, and many others. 

Dr. Waller Lewis in his report gave numerous extracts from 
French documents relating to the effect of various trades on the 
health of the persons employed in them. Wecannot enter fully 
on this large subject ; but may notice some of the remarks made 
(1) On the effect of dust; (2) On the relation of consumptive 
diseases to particular trades; and (3) On the injurious influence 
of many employments on the eyesight. 

Dr. Lombard and Dr. Benoiston have made observations on 
the production of dust in various processes, and on the effect of 
this dust in rendering some employments more unhealthy than 
others. They find that millers, wig-makers, paviors, street- 
sweepers, charcoal dealers, bakers, cutlery grinders, and chimney- 
sweepers suffer more from the dusty particles to which they 
are exposed than sculptors, masons, plasterers, brush makers 
and mattress makers. This, it must be confessed, is not such a 
grouping into two classes as is quite intelligible. We are told 
by these authorities that, other things being equal, dust from 
hard substances is worse than that from soft ; and mineral dust 
more deleterious than that arising from animal or vegetable 
substances. This may be so; but it does not explain why (as 
the comparison alleges) paviors are worse off than masons, and 
wig makers than mattress makers, so far as dust is concerned. 

Dr. Lombard examined necrological tables, with a view of 
ascertaining whether any particular relations exist between one 
specified disease and many different employments. He collected 
1,000 cases of death by consumption ; he ascertained the trades, 
professions, or avocations of those persons, and then recorded 
the number under each heading. The comparative numbers 
appear as follows :—Exposed to vegetable or mineral emana- 
tions, 176; exposed to dust and fine particles, 145; sedentary 
occupations, 140; employed in close workshops, 138 ; exposed 
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to hot and dry air, 127 ; requiring active muscular exercise, 89 ; 
requiring exertion of voice, 75; working in the open air, 73; 
exposed to animal emanations, 60; the remainder being made 
up of persons working in a stooping posture, exposed to sudden 
movements of the arms, or exposed to watery vapours. This 
does not necessarily imply that the avocations mentioned threw 
the persons into consumption, nor that they killed patients 
already afflicted with that malady ; they are statistical facts, the 
value and practical application of which have to be determined 
by experience. If by degrees they should lead to the establish- 
ment of general conclusions—such as that open-air trades are 
less conducive to consumption than indoor, and large workshops 
than small—then the trouble will have been well bestowed in 
collecting such facts. 

Concerning the effect of various employments on the eyesight, 
the following observations are made :—“ Certain employments 
fatigue specially one or other of the senses. Those which are 
concerned with very shining materials, as polished metals, 
looking-glasses, &c., injure the sight. It is of importance to in- 
terpose between the artificial light and the object looked at a 
sheet of oiled paper, gauze, or some other screen which may in- 
tercept the direct luminous rays, and only permit a diffused light 
to pass. The smallness of some objects, and the intensity of 
direct or reflected light, always end in impairing the integrity of 
the sight. Some astronomers who have applied themselves to 
the observation of the sun have become totally blind ; opticians 
who daily exercise and test spectacles and microscopes, en- 
gravers, watchmakers, compositors, &c., are liable to amblyopia 
and amaurosis. Night work, for literary men, &c., fatigues as 
much by the smallness of the print or the writing as by the 
whiteness of the paper reflecting the light of the lamp or candle. 
Needlewomen, lace runners, muslin embroiderers, &c., are often 
forced by the same cause to have early recourse to the use of 
spectacles.” 

Such being the directions in which our French neighbours 
have approached this important subject, we shall be prepared to 
notice, in a future article, a question that much more nearly 
affects ourselves,—What has been done and is doing by the 
English government and legislature, to exercise supervision over 
noxious trades and operations ? 


+] IELD OF THE PRECIOUS METALs IN NORTH AMERICA. 
bs ¥ if —Returns just made up of the product of the mines of 
Cs the Pacific coast in precious metals show that the 
—— yield of the last quarter of a century reached a total of 
£317,000,000. Of this, California produced three-fourths, nearly 
all of which was in gold. Nevada has produced £44,000,000 
in gold and silver, chiefly the latter. Utah, although known for 
many years to be rich in precious metals, has only lately been 
made to produce them, and the yield has been no more than 
43,700,000. Montana has added £24,000,000, and Idaho 
£11,000,000, Colorado has been only lately developed as a 
mining region, but its yield has already reached about £6,000,000. 
Oregon and Washington Territory have together produced 
45,000,000, British Columbia about 42,000,000, and Arizona a 
small sum ; but the latter territory has not been worked to any 
great extent. The production of the Pacific slope has been 
steadily increasing from year to year, and the increase of last 
year was about 14 per cent., the actual yield being £ 16,000,000, 
against £14,000,000 in 1872. About 48,000,000 of the entire 
total remains on the Pacific slope in coin and jewellery, and a 
fraction has been absorbed by the general business of the 
country. But the great bulk has been exported, and chiefly to 
England, China, and Japan, England having had nearly 
£220,000,000.— Simmonds’ Fournal of Applied Science. 








[psec] [RE GAUZE.— Wire gauze is being used at the Regent’s 
} (| 5 | Park Carriage Works as a substitute for glass for the 
WId,\) door-glasses of close-carriages ; it excludes the glare 
=== of light and heat, and, as a ventilating medium, pro- 
motes the health and comfort of riders in broughams and lan- 
daus during the summer months. The riders can see quite 









plainly through the gauze.— Saddler’ and Coach Builders’ 
Gazette, 












THE GERMAN STEEL INDUSTRY, 
G 


os 


or 


N interesting communication has been made to the 
French Society of Civil Engineers, by M. Cornault, 
upon the subject of the present state of the steel 
industry in Germany. No branch of the great iron 

YY & CYP 2} industry has undergone of late years such an ex- 

ZIIISSFI tension in Germany as that of the manufacture of 

cast melted steel, and it is stated that there are 20 furnaces pro- 

ducing exclusively Bessemer steel to the extent of from 125,000 

to 150,000 tons annually. This output, however, must be con- 

sidered insufficient, as compared with the power of production 
of the existing steel works. There are, in fact, in activity, or in 
construction, 71 converters in Germany, representing an annual 
production of 450,000 tons of Bessemer steel, and consequently 
consuming from 525,000 to 550,000 tons of metal. The Bessemer 
steel is employed almost exclusively for rails. It is further men- 
tioned with regard to the production of steel, that the Martin 
process has made great progress in Germany, there being, it is 
estimated, 50 furnaces of this kind capable of producing about 

200 tons per day. All the modifications of the process are 

utilised, and great enterprise is manifested to avoid all possibility 

of waste, and to facilitate production in every way. In order to 
furnish a comparison as to the French and German steel industry, 
we may state that during the year 1873 there were produced in 

France 167,677 tons of steel, of which 103,233 tons were Besse- 

mer steel. The production of rails was—Bessemer 79,206 tons, 

and ordinary, 22,876 tons. It is pointed out by M. Cornault, 
that the magnificent properties of steel render it suitable for 
many useful purposes, and thus give it a great field of utility, 
the future of this branch of industry being of the brightest. 

Special attention is directed to the Martin steel, which is being 

found more suitable for certain purposes than the Bessemer, on 

account of its greater density, and for which a great market 
is anticipated in the future.—Szmmonds Fournal of Applied 

Science. 





NOTES UPON FARM MANURE PITS, SHEDS 
AND TANKS, No. 3. 


ONTINUING our illustrations of a covered dung 
pit and liquid manure tank (see last number), we 
give in fig. 5, in “ Longitudinal Section,” in the 
line C D in plan, fig. 1 (see last number), in which 
A Ais the dung pit, covered by the open roof B B, 

: and the retaining walls furnished with the open 

trellis work A’ A’, with concreted floor sloping from all points to 

the grated opening e, which leads the deposited liquid to the 
tank f/f, placed in the centre of the dung pit. The liquid from 
the stables, cow-houses, &c., is led direct by means of open or 
covered drains, the latter circular and trapped, to a small col- 
lecting and depositing tank @ a, which is provided with a stone 
cover, @ 6. From this the overflow leads to the small drain pipe 
cctothe tank/f The liquid is led or pumped, as stated in 
last number, from the tank by the pipe dd, which is carried 
forward and bent upwards to the level of the groundat @’; / 7 is 

part of the wall of pit, and a’ a’ the plan of settling tank, a a. 

There is, as many of our readers are aware, no science upon 
which there are such diverse opinions as that of agriculture ; 
and we therefore find that, while some are greatly in favour of 
covered tanks and manure pits, there are others who strongly 
object to having the dung covered at all, maintaining that its value 
is best kept up, if not raised, by allowing it to remain exposed to 
the atmosphere. We by no means admit this to be the case, for 
it appears to be admitted by nearly all authorities, without excep- 
tion, that the most valuable gases contained in the manure 
escape most freely and pass away in the atmosphere when 
exposed to it. Further, that the highly ammoniacal properties 
contained in dung are washed out of it and conveyed to the 

surrounding soil with all the greater facility, if that be of a 

porous character, if the manure be exposed to rains and wet. 

If these things be so, then, upon the whole it appears to be con- 

ceded on all hands that the best way of preserving manure is to 

keep it from the atmosphere and from being washed by the 
rains, and that upon the whole that this can best be secured by 
compressing it within an enclosed space and covering that space 
by a partially open roof, in a manner more or less modified, 
somewhat similar in detail to the design we have given. One 
of our most advanced agriculturists thus puts the advantages ob- 
tained by the employment of covered dung-pits such as we have 
illustrated. While the dung kept in the “ open heap has twice 
to be removed, and once turned over, the covered-yard manure 
requires no manipulation, but can at once be carried to and 
placed upon the land with all its manurial ingredients unwashed 
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and unwasted, no drippings or waste from it, for the liquid and 
solid voidances are all mashed into a paste, and there is no 
— carting of rain water, as in the case of the open 
ards.” 

The best form of floor, the most solid and the most lasting, is 
that formed of concrete, of which, in fig. 6, we give a section 
showing its construction. In this the outline is not flat or at 
right angles to the walls, but, as shown in the diagram, slopes 
away on all sides to the centre, at which point there is placed an 
iron grating, through which any liquid percolating from the 
solid manure above passes to the tank beneath. The total depth 
of the floor-covering in this mode of construction is 6 in., of 
which four are filled up with broken stones about 2 in. in dia- 
meter, the remaining 2 in. being covered with the coating of 
concrete. The cement best to be used for this concrete is that 
known as “ Portland,” which to be of good quality should weigh 
not less than 105 Ibs. to the bushel. This is to be mixed with 
s sand or clean small sharp gravel, with water sufficient to 
mix it to the consistency of thin mortar. The proportion of sand 
or gravel to the cement may be, as already stated, three or as 
low as seven to one, but the higher the proportion of cement, 
the better the work. The sides, indeed the whole of the tank, 
may be formed of the concrete, but in this case a mould will be 
required, to retain the cement or concrete till it sets ; no mould 
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will be required, it is needless to state, for the floor, as the con- 
crete is simply placed on the ground and levelled. The tank, 
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like the retaining walls, may be made of brick-work set in the 
cement, special care being taken to have the joints made per- 
fectly water-tight. 























a slid Sth 


se Aad 














THE PRACTICAL MAGAZINE. 193 




















THE POTTERY AT GIEN.* 


HE Gien ware is composed of a white earth covered 
with a translucent, and almost always colourless, 
glaze, which permits the tint of the subjacent 
biscuit to be seen through. Ware of this sort, 
which is very extensively used in England, was at 
one time called “flintware,” because it almost 
invariably contains pounded flint, and also “ opaque porcelain,” 
on account of its whiteness unaccompanied by transparency, and 
because it usually contains a notable proportion of kaolin. 

Until recently the operations at Gien have been restricted to 
the fabrication of domestic articles of the cheapest and com- 
monest description ; but, within the last few years—the last few 
months more particularly—attention has been paid to the pro- 
duction of articles of a superior class at a comparatively low 
price, which have achieved a great success at the Exposition of 
the present year. The concern has also undergone a thorough 
rehabilitation, and may now be ranked with the best of its kind. 

The works at Gien were commenced in 1822, by M. Hall, 
who had then just parted with his factories at Montereau and 
Creil. As the conditions of sale included a stipulation against 
the erection of another pottery within a certain prescribed radius, 
M. Hall decided to purchase the old Convent of Minimes, 
whose buildings, large and roomy for that day, appeared well 
suited to the object he had in view. Accordingly, he bought 
them, and set up a pottery at Gien. To M. Hall succeeded M. 
Geoffrey. This gentleman was fortunate enough to procure a 
very good earth from Neuvy-sur-Loire, where extensive deposits 
were found at an average depth of fifteen to eighteen metres 
below the surface. This earth proved excellent in point of 
plasticity, but it was found impracticable to work it by Zeve/s, on 
account of the irregularity of the deposits. In M. Geoffrey’s 
hands the Gien pottery prospered, and the reputation of its wares 
spread into the eastern, western, and southern districts of France. 
Toilet services, plates, salad-bowls, basins, gallipots, and other 
objects which are little subject to change in matters of shape or 
ornament, are still reproduced, in any number, of the old patterns. 
Others have been, and are still modified from time to time to 
suit prevailing tastes ; for Gien, like all other industrial estab- 
lishments, feels the influence of fashion. 

Finding themselves impeded in their efforts to enlarge their 
works and avail themselves of the aid of machinery by the 
inconvenient arrangements of the old conventual buildings, the 
present proprietors determined to rebuild their entire premises 
on a new and improved plan, but without stopping work or inter- 
fering with the demands of a steadily increasing connection. 
The difficulties attendant on an arrangement of this sort are 
peculiarly great in the case of a pottery. But the works at Gien 
have never stopped ; the fires have been kept up as usual; even 
the requisite proportions have been duly maintained betwixt the 
number of pieces thrown, and fired, and glazed, and handed over 
to the decorators. A few months more (written in 1870), and 
Gien will have been rejuvenated into one of the best arranged 
and best managed of our manufacturing establishments. 

The primary components of the Jody of Gien ware are : plastic 
clay, which is brought in boats from Neuvy, and unshipped at 
the wharf that separates the bank of the Loire from the gates of 
the works ; kaolin, which arrives in the same way, not from the 
Haute-Vienne, but from the Allier, where extensive beds are worked 
between Gannat and Montlucon ; the third component, flint, is 
supplied by the Loire itself. It occurs in the shape of pebbles 
in the river-bed, which are collected at low water. They are 
burned in kilns, and afterwards ground in mills erected for the 
purpose over a small stream about two miles distant from Gien. 
With a view to increased economy in this department, which is 
somewhat costly, these flints are to be replaced by kaolinic 
quartz, z. ¢., unwashed kaolin, which contains a great abundance 
of small quartzose pebbles. The clay gives the plasticity, and 
the kaolin whiteness to the Jody, rigidity, and the power of 
resisting heat are supplied to the discuzt by the quartz. These 
three substances are weighed in a dry state, and then thrown 
into a large vat, in proportions varying with the degree of 
plasticity of the clay. In this vat works an upright revolving 
shaft with arms (malaxeur) which stirs up and mixes together 
the several components, with the addition of an abundant supply 
of water. On leaving the vat, the water carries with it the 
earthy matters in suspension, and passes through a couple of 








1 From “ Les Grandes Usines.” By Turgan. 1870. 


screens, one of wire gauze, the other of silken thread, resembling 
the do/ting-cloths used in flour mills; these screens retain the 
sandy portions, and only admit of the passage of particles of 
extreme tenuity ; the water carrying the latter is led by pipes 
into reservoirs containing each about 260 cubic metres. The 
reservoirs are built of well-steined masonry, and are divided by 
parting walls, which require to be very solidly built to withstand 
the enormous fluid pressure they have to bear. 

During its stay in these reservoirs the water slowly deposits 
the earthy matters it holds in suspension, rising itself to the 
surface, where it evaporates, or is run off. After several succes- 
sive fillings, followed by as many runnings-off, the reservoir be- 
comes full, and must be left undisturbed for three weeks, to allow 
the faste to acquire the consistency requisite to its future ma- 
nipulation. 

Raised by a Letestu pump, the fasée is next placed in a very 
ingenious English press, consisting of two strong standards 
carrying between them four and twenty separate compartments 
formed of canvass. The walls of the building containing the 
sae are fitted with gutters, through which the paste flows. A 

eed-pipe communicates, by means of a separate stop-cock, with 

each compartment. The paste flows along the pipe, passing 
through the stop-cocks into the several canvass compartments, 
where still impelled forward by the action of the pump, it sets up a 
sort of hydraulic pressure, the column of water itself serving as a 
piston. Under this pressure the water begins to ooze through 
the canvass sides of the compartments, leaving the earthy mat- 
ter behind. 

At first the outflow is compensated by the influx of fresh 
paste, but in time the latter becomes in excess of the former, and 
a great increase of pressure results, sufficient, indeed to burst the 
press, but for a safety-valve with a suitable counterpoise, which 
opens laterally, and allows the surplus paste to escape back into 
the reservoir. The earthy matter then entirely fills the several 
compartments under an hydraulic pressure sufficient to squeeze 
out every particle of water. At the end of four hours the opera- 
tion is concluded, and the paste is shaken out into vats or cellars, 
there to be left as long as the manufacturer can possibly allow it 
to remain. 

During its stay underground it settles, acquiring an uniform 
consistency, and, as all ceramic authorities maintain, undergoing 
a sort of slow fermentation, by which its plastic properties are 
developed. Chinese tradition asserts that clay intended for the 
manufacture of porcelain should be left one hundred years under- 
ground. Under the pressure of modern industrial art, it is sel- 
dom that the Gien paste remains more than a month below the 
soil. Formerly it was pressed in a different and less ingenious 
way, which nevertheless gave very fair results. The paste was 
put in bags, and arranged in layers separated by canvass cloths 
or sheets of iron, and then subjected to a high pressure by ma- 
chinery worked by hand. The operation was tedious and com- 
paratively expensive, as the clay could only be treated thus in 
— of 15 or 20 kilogs. at a time. The advantages and 

isadvantages of both methods may readily be compared at 
Gien, where the old-fashioned plan may be seen in use side by 
side with the new machine. 

When required for use, the clay is put in a pug-mill similar to 
that used in the manufacture of drainage-tiles. It comes out 
a huge cubical mass, which is cut up into lumps weighing 
about 25 kilos. each. At Gien, 500 of these lumps are worked 
up every day, and sometimes more. They are raised by 
hoists, and carried to the rooms, or wherever else they are 
to be worked up. The mode of working varies with the object 
in view. The simplest and commonest operation practised 
at Gien is the manufacture of plates, which are turned out 
by the thousand daily. The fabrication of salad-bowls, basins, 
soup-dishes, saucers, and other large, open articles, likewise 
presents no sort of difficulty. The workman prepares a num- 
ber of flat cakes, as nearly as possible of equal weight, by 
kneading the paste on a stone slab, placed near his bench for 
the purpose. Leaving these cakes within easy reach, he sta- 
tions himself at his bench, which is fixed against a window and 
carries a vertical shaft supporting a horizontal revolving plate 
or wheel. On this wheel is fixed a plaster mould of the article 
to be “ thrown,” the convex side of the mould forming the 
concavity of the object. A boy-assistant lays the crodéée or 
cake on the mould; the workman presses it down, at the 
same time giving a rotary movement to the wheel with his 
hands. As the latter turns, he fashions the clay to the required 
shape with an earthenware gauge. According to the new ar- 
rangements, the throwing-wheels will be worked by steam- 
power. In an almost imperceptible space of time, the plate is 
made, removed by the boy, and a fresh cro@¢e laid on the mould 
in its place. 

After a certain number of pieces have been ¢hrown, they are 





brought back one by one, and again laid on the mould, gone 
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over with a wet sponge and a horn scraper, and the edges taken 
off with a sheet-iron cutter. The boy then carries them to a 
drying room, where they are stood on a smooth absorbent 
surface of plaster for a couple or three days, according to the 
temperature and hygrometric condition of the air. In winter 
time the drying room is heated by stoves. In this way, by the 
hand alone, for the wheel can scarcely be considered as a 
machine, a man and a boy will make every day from 1,000 to 
1,200 plates, or more than one a minute. It has often been 
roposed to substitute an automatic press worked by steam 
or hand-labour, but, from various reasons, the attempts hitherto 
made in this direction have not proved satisfactory. In point 
of fact there is little inducement to further reduce the price of 
this description of work, which is already very cheap, and can 
be relied on as to results ; and manufacturers, not unnaturally, 
are little disposed to replace it by machinery, which would 
involve a considerable preliminary outlay. 





All circular articles, such as soup basins, cups, jam pots, 
bowls, flower-pots, and the like, are made on the wheel by 
highly skilled workmen ; with the hand alone. Aided by a few 
tools of the simplest description, they can impart to the clay all 
the various figures deduced from the circle ; a square and a few 
gauges suffice for the production of articles having the most 
perfect symmetry of contour. Like the plate-throwers, each 
man works against a window. In the centre of every bench is 
an upright revolving shaft, carrying a circular plate, and worked 
by steam. On this is laid a thick cake of clay, the size varying 
with the dimensions of the article to be produced. The 
throwers are almost always employed on some one particular 
article ; thus one makes bowls only, another nothing but soup 
basins, and so on. 

Large-sized pots are the speciality of afew hands. Nothing 
can be more interesting than to watch the growth of a pot 
of this description beneath our very eyes. The thrower places 
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on his wheel a tolerably large lump of clay, pressing it with both 
his hands as the wheel turns. The rotary movement, assisted 
by manual pressure, causes the clay to rise with a helicoidal 
movement ; if the thrower relaxes his pressure for an instant the 
cone of clay descends again and flattens out, under the com- 
bined influence of centrifugal action and its own specific gravity. 
Very often the operator thus varies the pressure of his hands 
designedly, to compel the particles of clay to arrange themselves 
in a certain definite manner, the better to resist the dilatations 
and contractions to which the pot will be subject in cooking. 
When he considers the clay to be ready, he inserts, first, a 
thumb, and eventually the whole of one hand, in its upper 
extremity, still moulding and fashioning the exterior with the 
other. 

With large articles the work is regulated by means of an 
upright copper rod, fixed at a convenient distance from the 
wheel, and carrying a couple of slender whalebone crosspieces, 
which can be moved backwards or forwards and are flexible 
enough not to injure the clay, and yet sufficiently stiff to indicate 
the requisite dimensions of the objects. The confidence and 
expertness with which a ¢hrower gives any desired shape to his 
work are really marvellous, and not only is the shape thus given, 
but also the varying thicknesses of the sides at different parts of 
the pot, the mouldings, and the rebate of the rims, 





The handles are put on, after the articles have been turned, 
in another room. 

Turning is executed exactly as on wood or metal; it is 
intended to remove any inequalities from the surface, and to 
ensure the requisite degree of uniformity in the sides. The 
object to be turned is fixed horizontally on a lathe, and the 
superfluous portions of the clay are shaved off with a gauge 
worked by the hand. 

The third process applies only to objects that are not circular, 
or that carry raised patterns, to which the requisite relief is 
given by depressing the sides into plane surfaces. Articles of 
square or oval shape, such as oblong dishes, sauce-boats, sugar- 
sifters, cache-fots, &c., are all moulded. The first process is to 
make an accurate model, in plaster of Paris or baked clay, of 
the article required, which may be either hand-moulded or cut 
out with greater or less care. From this model a cast is taken, 
and carefully finished off with a graver, into which is run 
another perfect mould, which is used for the best casts. When 
articles have to be made to one pattern in large quantities 
several casts will be required. Some of these casts will last for 
an indefinite time. 

Whether the articles are pressed on a core, or cast in a hollow 
mould, or thrown on the wheel, they all receive their handles in 
the same way. The handles are drawn out, or run in moulds, to 
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the required pattern, and are set on with darbotine. Thus finished 
the articles are placed in cassettes, which are earthenware boxes 
made on the works. Large sizedarticles haveeach its own cassette; 
plates and such like are placed several together in boxes, sepa- 
rated by earthenware /asse¢s. The kiln is five metres in height 
by six in width, and is heated by nine flues, eight at the sides 
and one down the middle. The fuel employed at Gien is Com- 
mentry coal, a poor and slow-burning coal. The charging takes 
from eight to twelve hours ; the firing is continued progressively 
for seventy-five ; the drawing is done by about fifteen men in 
four hours; the cooling requires three days and three nights. 
The interior of a kiln charged differs but little in appearance from 
that figured in the paper on Sévres ina previous number of “ Les 
Grandes Usines.” On coming out of the kiln the dzscuzt is rigid 
and white, and ready for the enamel. The enamel is composed 
of glass pounded so finely that it will float in water. This glass 
is made expressly for the purpose out of an admixture of fusible 








materials. It is composed, according to the notions of the 
manufacturer, of proportions of Fontainebleau sand, which gives 
the silica, minium, which supplies the lead, carbonate of soda 
from Saint-Gobain, pearlash, and boric acid, or borate of lime. 
Whilst in a melted state, it is thrown into cold water, which 
contracts it suddenly and facilitates the process of grinding. 
The latter is executed in mills worked by small streams in the 
neighbourhood of Gien. The requisite degree of tenuity is se- 
cured by grinding the glass in water. If a coloured enamel be 
required, certain metallic oxides are intermixed with the glass. 
The water holding the enamel in suspension is placed in large 
troughs, into which the pieces of biscuit are dipped by the work- 
men to whom the operation is intrusted. Considerable manual 
dexterity is here required, to secure an uniform thickness of 
glaze, as the biscuit being very porous, the slightest pause would 
entail a thickening of the deposit. 

After receiving the enamel the pieces are put back in their 
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cassettes, to be again carried to the kiln, care being taken to keep 
them apart, as the enamel being fusible, adhesion would result 
from contact. Plates are separated by triangular /assets of 
earthenware, so that they touch at three points only. The 
fusion of the enamel requires less time than the firing of the 
biscuit ; twenty hours will be enough; the fire need not be so 
strong, but should be kept up steadily. 

The kiln is about four metres in height by four in width ; it is 
heated by eight flues, four on a side ; there is no central heat. 


The management of the fires differs in principle altogether from | 


that required for biscuits. The flues are furnished with cross- 


bars to give an oxidizing draught. Hitherto, four biscuit and | 


five enamelling kilns have sufficed for the work at Gien ; but 
now the increased number of orders has rendered it necessary 
to erect ten other kilns for the new workshops, which cover a 
space of 175 metres in length by 14 in breadth. 

Plain articles require no further treatment of any kind, and on 
coming out of the kiln, are at once packed up ready for sale. 
But a large proportion have to undergo some sort of decorative 


process. Decoration, properly so called, is executed by painting | 


or printing on the enamel before or after firing ; but certain 
colours are applied directly to the dody before firing. This style of 
decoration, which is usually monochromic, is mostly confined 
to cups, basins, and other common articles. The mode of 


execution is generally very simple, and the colours cheap and 
common. For example: a style of decoration in great favour 
amongst Gien customers is what is called / ¢abac. A brown 
colouring mixture is prepared by pounding up a little ochre in a 
decoction of tobacco ; with the aid of a piece of sponge, a few 
drops of this liquor are sprinkled on the surface of the cup or 
basin, and as nearly as possible at equal intervals. Each drop 
that meets the surface permeates the clay, spreading out into 
intricate traceries recalling a congeries of marine plants. 

Another style of decoration equally common is a sort of marb- 
ling in imitation of agate or jasper. This is obtained in the 
following manner:—Some coloured liquids, generally brown, but 
of several shades, from light to very dark, are placed in a teapot, 
which is divided into three or four compartments. When poured 
out in the cup or basin, the colours spread over the surface before 
they have time to intermix, and so produce the veining and 
marbling required. After colouring, the articles are fired, and 
then coated with a transparent enamel, through which the colours 
show after the second firing. 

Other common forms of decoration are executed on the discuit 
in various ways. Clouded stains are produced with a sponge 
dipped in various colours ; wavy lines are traced with the end of 
a pointed stick ; threads or ribands of colours are put on with 
brushes of suitable size and shape. In the latter case, the work- 
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woman has a small plate before her, which revolves on a vertical 
axis; on this she places the cup or basin, and sets it spinning ; 
then, dipping in some coloured liquid a pointed brush if a thread 
be required, or a flat one if it be a riband, she rests her right 
arm firmly on a shelf which projects close to her table, and holds 
her brush so that the point may just touch the object as it spins 
round. The thread or riband is thus traced instantaneously. 
The operation is repeated with incredible rapidity, and the cups 
quickly accumulate about the artist. All objects laid on the dody 
are covered with a glaze before firing. 

The colouring matter combines with the enamel during fusion, 
with which it becomes perfectly incorporated. Not common 
articles alone are thus decorated ; figures, flowers, and landscapes 
of greater or less merit are thus executed. The painting is done 
by hand, on a sketch in lithographic chalks, to insure accuracy 
of outline. Printing is a process which requires a rather compli- 
cated apparatus. Itis not executed directly on the dody, although 
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the new processes now employed bythe makers of coloured papers 
lead to the inference that it would be possible to economize time 
and money in the intermediate stages of the operation. The first 
proceeding is to make a copy of the design, and, in the case of 
an ornamental pattern, to arrange for its subdivision into a certain 
number of duplicate designs. The design is then transferred to 
a sheet of copper, on which it is engraved. A copper-plate is 
thus produced, upon which is spread a thick paste, composed of 
coloured glass, ground and mixed with linseed-oil. The glasses 
thus used are composed of mineral oxides, combined with sili- 
cates, with borax or some other flux. Blue is produced by cobalt ; 
yellow by antimony or lead ; green by chrome; red by chrome, 
pewter, and chalk ; black by cobalt, iron and manganese ; browns 
are the result of various admixtures. The paste penetrates into 
and fills the cavities onthe surface of the plate; the workman then 
removes the surplus with a rasp, leaving only the bright face of 
the copper visible. These operations are executed on an iron 









WORKWOMAN. 


met ona heatedtable. Over the surface of the plate the printer 

ays a sheet of a peculiar kind of paper, very thin, but very tough. 
Paper of thisdescription has hitherto beenimported from England, 
prejudice or experience having led our manufacturers to believe 
that it cannot be supplied by French makers. 

After the paper has been thus laid on, the plate is passed be- 
tween two rollers covered with felt, the pressure of which forces 
the paper to enter the depressions on the face of the plate, and to 
take up the colour therefrom. The sheets thus prepared are 
carried to another large room, by women and girls, who apply 
the coloured sides to the dzscuzt. 

The latter is sufficiently porous to take up the colour, and 
the paper may then be removed by immersion in water, to the 
surface of which it rises. Toilet services, jardiniéres, cache- 
pots, and other articles with a pattern of one colour, blue, buff, 
or black, are thus made. When several colours are required, 
the outline is laid on as above, and the details filled in by hand. 
The services @ la Corne, so much admired at the Exposition, 
were decorated in this manner. 

When the colours will stand heat well, the details are filled in 
on the biscuit ; in cases where they do not possess the requisite 
stability, the details are put in over the glaze, after firing, the 
colours being mixed with spirits of turpentine instead of water. 
Various reds, and the rose tints obtained by chloride of gold, 
are thus laid on over the enamel after firing. 





The firing of these colours is performed in what are called 
mouffieurs, small earthenware ovens heated with wood, and in as 
slow a manner as possible. The temperature is raised high enough 
to soften the enamel, that the colours may adhere to it. In this 
way all the tints and details of an oil-painting may be repro- 
duced ; but the process is expensive and suited only to costly 
objects. Articles in common use, which are exposed to rougher 
usage, should always receive their decorations under the glaze. 

At the present moment (1870), the works at Gien give employ- 
ment to over one hundred male and female decorators, printers, 
painters, and oven-tenders, who have to work hard to keep pace 
with the numerous commissions which have come in since the 
Exposition. The services a la Corne, services in blue or many- 
coloured, in imitation of Rowen or Moustier, witha crest or mono- 
gram in the centre, have had a success unanticipated even by the 
managers themselves. By the side of the designs exhibited by 
other makers, with their clumsy rilievos and staring colours, the 
delicate ornamentation and sober tints copied from the old 
Normandy /aience, of the Gien ware, appeared peculiarly well 
adapted to objects in every-day use. Surprised at finding plates 
offered at 8 and 1o francs the dozen, for which at auctions they 
had been accustomed to pay 20 to Ioo francs, amateurs soon 
found out that they could obtain excellent china, of the most 
elegant design, at a very moderate cost. The establishment at 
Gien was, accordingly, overwhelmed with orders, and had to 
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complete its arrangements to meet them in all haste. Other 
productions, which also promise to be a great success, if the 
shapes are duly adapted to the decorative process, have also 
made their appearance in the field ; these are objects zrrisés by 
the Brianchon process. Gien ware is well adapted for pictorial 
purposes, and the specimens sent to the Exposition show what 
can be done by skilled artists in a single colour on a white 
ground. The large plates with patterns in black by Mme. 
Robert, and in pink and blue by Mme. Gondouin are veritable 
works of art, which, over and above the attributes of an ordinary 
painting, possess the charm of the enamelled glaze and the 
merit of indestructibility. It seems to us that ladies who 
possess a knowledge of drawing and painting might find useful 
occupation in the decoration, for themselves or their friends, of 
table services, or of wall-tiles formed of Gien dzscuit. 

The works at Gien now employ about five hundred hands, of 
whom more than four-fifths are men and boys. Women are 
only employed in decorating, printing, and finishing. 


PAPER-STAINING, 


THE development of the trade and manufacture of 
paper-hangings in this country was affected by 
the repeal of the paper-duty in a very remarkable 
manner. The cost of paper was not perceptibly 
decreased, nor was there any reason to expect an 
augmentation of demand; but the bare abstract 
idea of an unrestricted trade in an article especially encumbered 
by a vexatious excise law, operated as a stimulus to enterprise, 
by which the trade was instantaneously doubled, and is now in- 
finitely and indefinitely augmented. The wages earned are much 
the same, and the cost in all other respects practically steady, 
and yet the bare notion of free trade created a supply, and that 
produced a demand strikingly confirmatory of the advantage of 
unrestricted commerce. 

Most readers are acquainted with the hand process of paper- 
staining. Itis as primitive as pottery, and the idea of it goes back 
to early antiquity. The pattern is drawn upon a square block 
of about 21 in. each way, and the wood is cut from it, leaving the 
figures projecting ; or if the pattern be fine, such as leaves or fine 
scrolls, it is produced by the aid of thin brass, worked over the 
block like embroidery, and the interstices filled with some hatter’s 
felt. The back has a strap, or straps, to admit the work- 
man’s handling it, as one would a shield, without touching the 
surface. By his side is a trough a little larger than his block, in 
which is placed a quantity of colour covered with a felt, which 
becomes saturated, and must be kept in a condition of regular 
moisture. Placing his arm through these bands, he puts the 
block down upon the felt, and gives it a gentle pressure, so 
as to bring away sufficient colour for his purpose. At the edges 
of his block there are pins, which either mark or pierce (or both) 
the edges of the paper, and these are the guides, or “ registers,” 
by which he continues to repeat the pattern until the whole twelve 
yards are covered. Having raised his block he transfers it to 
the table whereon the paper is placed ; a lever, suspended from 
the ceiling, is so adjusted as to require a proportion of his manual 
weight forced against it to produce the impression. This method 
is repeated as above said, until all is covered, and if there are 
two or more colours, or gold, these have all to be gone through 
in the same way. 

Any one can see that this process is slow and costly. There is 
a richness about the style of this work that gives it a classic cha- 
racter—a peculiar richness and solidity ; but for popular supply, 
such a method is utterly inadequate. It may be seen in opera- 
tion at Messrs. Scott and Cuthbertson’s works at Chelsea, where 
the manufacture of their magnificent flock goods is carried on. 
We have now to do with the development of the manufacture 
caused by the introduction of machinery, and the best illustra- 
tion in England is, we believe, in the works of Messrs. John Allen 
and Sons, Old Ford, E. The business had been carried on 
for half a century in some quaint and irregular buildings about 
a quarter of a mile off, but about two years ago they commenced 
the erection of their new premises, which now, indeed, are not 
complete, upon a plot of ground of two acres, near the railway 
Station at Old Ford ; and therefore every modern improvement 
that could increase production and decrease cost, giving at the 
same time comfort and good sanitary conditions to the work- 
people, has been adopted ; and such connections of one building 
with its neighbour as are proper for the conveniences of industry, 
have been reduced to arrangement and intelligible order. 

The machine speciality is, 1st—the use of roller patterns ; 2nd 
the easy multiplication of colours in one simultaneous process. 











1st, Instead of the pattern being cut upon a block, it is wrought 
upon a cylinder of about five or six inches diameter, which in- 
stead of being dependent on a mark or puncture for register and 
continuity, repeats itself indefinitely by simply revolving with 
the other parts of the machine. 2nd, For colours there is no dif- 
ficulty in supplying any number; one machine there at work 
will print twenty colours as it goes along just as easily, after it 
is once adjusted, as if it were only one. Now supposing for in- 
stance the hand process with one colour were as cheap as the 
machine, which it is not by one quarter, and supposing 5s. to be 
the cost of working a given quantity in one colour, here isa 
machine will do twenty in the same time—that is, earn £5 in- 
stead of 5s. Of course machine goods have to be made in large 
quantities, and the outlay is as Dominie Sampson would re- 
mark, “ Pro-di-gi-ous !” There is no competition for practical 
purposes in the two processes ; but there is this tremendous 
contrast in the facility of production. 

A good machine will throw off 2,000 pieces per diem, whether 
2, 4, 6, 8, 14, or 20 colours, and in these works are eleven machines, 
whose output is 22,000 pieces ; taking 7 as the average number 
for each room papered, here is a daily contribution from these 
works alone, of sufficient wall-paper to clothe 3,000 rooms, and 
for the consumption of about 7 tons of paper, per day. 

The introduction of machinery compelled a change in the 
form in which paper was sent in from the milis. The hand 
process is content with what is called “flat ;” that is, the 12 
yards are folded up into half quires, that is 12 sheets, and then 
made into quarter-reams of 36 + 22 inches in size. But that 
creasing and length would never do for a machine. The paper 
had therefore to be made “ continuous”—that is, it was to be in 
reels as long as the roll could conveniently be allowed for trans- 
mission. There was no difficulty in adjusting the paper mill 
machinery to these conditions. At the end of the machine is a 
spindle, connected by a driving band with the engine, and in- 
stead of paper being guillotined in the usual way by the fall of a 
knife as it left the machine, it runs on a roll which by a tell- 
tale stops at the length of 1,440 yards—that is to say, more 
than three-fourths of a mile ; and that quantity, weighing from 
> to 120 lbs., is enough for the workmen to lift from place to 

ace. : 

: Paper for this purpose is required to be of a different texture 
and character from that used for writing or printing. Thebleaching 
and finish would be detrimental to the stainer’s purposes. He 
wants tenacity, and a surface that will receive and retain an 
impression instantly and fully ; and if for satin-work or choice 
body colours, a surface rather rough, that it may take the 
material employed for the artificial enamel he wishes to produce. 
In all cases paper must have special tenacity and be free from 
any tendency to crack. 

The paper-staining works here named have an auxiliary 
factory very essential to its economical success—the colour 
works. Little cans of colour supplied by a colour-maker sufficed 
for the man of handicraft, who wrought on what was called a 
table. He could be best supplied so than by grinding his own ; 
but in a manufactory of the extent of Messrs. Allen’s that 
plan would never work. Hence, in a room at the basement 
there are a number of small mills, all whirling and grinding under 
the control of steam, and the feeders and the carriers are con- 
tinually supplying the raw colour and the animal size (which is 
also made there from the original pieces of skin from the tanners 
called glue-pieces) and the water ; and another party is taking 
the cans away as they fill. The grinding is done by apparatus 
like an egg-wisp, 6 feet high and 2 feet wide, fixed in a tank. 

The colours and the paper being brought to the machine- 
room, the preparations begin. The 20-colour machine consists 
of a huge fixed cylinder of 8 ft. diameter, around which is ad- 
justed a felt for the purpose of receiving the paper and carrying 
it away after printing. This felt is much larger than the cylin- 
der, and passes round three auxiliary rollers ; one at the point 
where the paper is taken up, the other at the top as it leaves, 
and the other some three or four yards down a gallery on which 
the paper travels, to be dried. Thus it becomes a cushion to 
receive the impression, and a —— after the paper comes 
from its printing. It is extended by these rollers so as to be 
perfectly tight ; and, regulated by screws, it passes round these 
cylinders to guide it as the printing rollers come into contact in 
their revolutions around the large cylinder. Around three-fourths 
of this cylinder are placed brackets, on which the several spindles 
containing parts of the pattern are placed in order. “To every 
one of these rollers is attached a simple contrivance like a long 
baking-dish, about 10 in. width and 27 in. in length and 3 in. deep. 
This is filled with colour, and in the centre are two rollers for 
the felt to pass round as it traverses the colour-trough or dish. 
This felt includes another roller just below the ) ape spindle, 
and another just above, leaving a space for the felt to press upon 
the pattern, and discharge with every revolution a sufficient 
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quantity of colour to make an even and regular impression. The 
quantity is regulated by a brass scraper called the doctor, 
which is one of the simplest but really most essential items in 
the machinery. The felt is tight round these three rollers, and 
as it is continually passing through the colour it is kept regularly 
saturated. ‘There are twenty of these brackets and dishes and 
felts and fittings round this great barrel, and every one of them 
has its regulating screw, so that no slackness or injurious tight- 
ness can possibly happen; whilst if one of the numberless 
wheels were to break, or the screws give way, there are, within 
a few yards, duplicates ready, so that the work cannot be im- 
peded, when it is once started. 

The reel of paper is suspended just over the head of the en- 
gineer, at that side of the machine which commands the com- 
pletest view and control ; it is connected with the machine by 
a separate spindle, and its contents pass round the large cylinder 
between it and all these satellite pattern-cylinders, ink-rollers, 
and regulators, and are then taken up at the top of the machine 
and borne on to a gallery which passes through an aperture at 
the top of the side wall of the machine-room, into the drying- 
room, a space of 130 ft. by 50 ft.; and this room is of a tem- 

rature of 120° and 130°. The gallery is composed of flat, 

ollow boxes, of the width of the paper and about 20 in. across 
and 23 in. deep, connected with each by hollow elbows, all of 
iron and kept filled with steam. ‘To make the most of this large 
space, with all its extensive appliances, the machine-room we 
have been speaking of contains four machines, and these have the 
entry to four galleries in the drying-room. At the extreme end of 
the drying-room is another machine-room, containing its four 
machines. These have four galleries in this same drying-room 
at a distance of a foot or just a tier above the others in the same 
supporting frame-work ; and still further to make the most of 
things, over each of these machine-rooms are other machine- 
rooms of the same size and contents, and over the drying-room 
mentioned is another drying-room, of course hotter than the one 
below. The reader will observe the skilful utilization of means 
to ends in this arrangement. The paper, as it leaves the several 
machines, travels its drying-ground, and returns to the room 
from whence it issued ; and there a boy is stationed with a long 
box of 12 ft. length, on two wheels. Here the paper falls, and 
is laid down, folding back and back as it comes through, and 
lies the length of the box, the boy having a wand just to regulate 
its orderly reception. When the reel is done it is removed by 
another boy, and another box takes its place. This takes no more 
time than adjusting a new roll of paper to the machine. These 
boxes go toother boys who have small machines for rolling it up in 
sale-lengths and stacking it ready for orders. These machines are 
weighted and have rollers. The paper is taken up, passed over 
one roller, under another, over a bar and an iron rod, out to a 
small iron rod to which the lad attaches the end by doubling a 
little piece over, and the driving band is at work. At the end 
of the trade length (12 yards), click, and the wheels stop. A 
knife is whipped across, dividing the paper, the little roll is re- 
moved, another crease is formed, and another roll follows, and 
so on from morning to night. This process stretches and 
smooths the paper after its wetting and drying. 

The satining room contains its special machines, These 
differ. The object is to make an enamelled surface on the 
paper previous to its being printed, and since this kind of 
elegant hanging has been greatly adopted, the production of 
satin papers has shared in the general improvement. The ob- 
ject, of course, is to get a surface that shall not break, that shall 

eep its brightness after pasting, and shall be so elastic as to 
admit being printed over without chipping the surface off. 
These papers are not now all white, but of every colour, and 
there is much care and skill required in their preparation; some 
being naturally better adapted or more easily manipulated than 
others. The colour is supplied from a trough to the surface in 
considerable quantities, and the paper is carried forward on toa 
table upon which four circular brushes of 9 in. diameter, placed 
together like four sides of a square, are under the governance of 
cogwheels and a driving band doing an everlasting waltz at a 
rapid rate. This rubs the colour and size into the paper, and 
makes an even surface. It passes forward through one of the 
apertures before spoken of into the drying-room, and returns to 
a spindle just under the machine it started from, where it is 
made up into its original reels and removed to the brushing- 
room to be prepared for the machine-room for printing. This 
satining used formerly to be done upon tables 12 yards in 
length, and with hand brushes. Good workmen made good work; 
but the manufacturer could not have all good men, and besides 
there was the limitation of quantity and the slowness of process, 
for then it was all dried by loft drying and not by these plates. 

There is another kind of satining machine technically known 
as “a jogger.” The brushes are rather more than the width of 
the paper, and stand four of them before each other. As the 





saturated surface comes up a large circular brush gives it a first 
clearing, and then these brush away the superfluous material and 
grind down paper and colour to a common face, not by the 
scrubbing of the waltzing brushes, but by a forward and back- 
ward motion described aptly by the term “ jogging.” 

After the administration of colour and the evaporation that 
accompanies it, the brushing-room is reached. This process is 
more properly confined to the pure satin white, and the work 
does not look very wholesome. Howeverit is so very differently 
managed here, in comparison with every other place we have 
seen, that much of its injury must be obviated. The roll of 
paper is put on the spindle, and set in motion by steam ;—steam 
at the same time starts six big cylinder brushes, 12 in. in 
diameter, and these effectually take away all obstructions, and 
remove all loose material, bringing a gloss upon the surface of a 
singularly soft and pleasant kind. In this factory the same 
work is done by another machine in which six brushes of the 
width of the paper are fixed at equi-distance upon one large 
cylinder: these do their office very well, but in fact every 
machine has its advantages, and none seem to have the 
monopoly of all the virtues. The drawback referred to is the 
terrible amount of dusty enamel with which the atmosphere 
is charged, and which renders the department objectionable, 
but a fan is being erected to blow the dust from the room as itis 
produced into the open air. 

The contrast between modern cheapness and ancient expense 
is somewhat modified by the costly arrangements in every part 
of a large factory. The one machine first named cost £1,200, 
a sum that would have set up twelve men in the old time; and 
considering there are here ten or eleven machines of various sizes 
with all their duplicate wheels, mechanical engineers, felts and 
stock of felts, room to work in and double that to dry in, with 
the costly galleries of plates, beside stock-room for paper goods 
and packing, to say nothing of steam boilers, shafts, chimney, 
well, and the like, it must be confessed that while modern life 
and its machinery are indispensable and inevitable there are 
some serious drawbacks. At the end building in these premises 
we stepped down a step or two below the level and were in two 
rooms very large—well, say fully 90 x 70 ft.—in process of 
fitting up. What for ?—to hold these spindle patterns and parts 
of patterns in due order, so that at any time within reasonable 
limits old patterns may be available and the stock of patterns 
properly kept. These rooms will hold 7,000 rollers in each and 
as, independent of the pattern itself, these must be worth Ios, 
each there is here alone a large outlay for dead stock. 

Designs for the paper-hanging manufacturers are supplied by 
ordinary art-students, and their production affords a valuable 
opportunity of exhibiting practical art where that rare faculty 
exists. There is a singular tact required. Many beautiful pat- 
terns—as the world would say—are utterly unfit for the pur- 
pose ; or the arrangement and selection of colours which seems 
so correct by the laws of harmony, are totally inadmissible for 
wall-decoration. The artist will need great patience to acquire 
the necessary experience. He will, however, soon find that the 
employer’s taste is really the artistic one ; and that it is very 
much upon that rough tact that the success of the whole esta- 
blishment turns. Usually they are drawn at about a quarter- 
size, and sometimes even smaller, and an artist must not mind 
making a dozen if he hopes to sell one. Like horses at a sale, 
designs must have friends, for after the purchaser is enticed to 
a kindly buying mood, he will then select from preference, re- 
solving perhaps to take two or three out of the portfolio, and 
thus choosing what he deems to be the best. The artist must 
not, of course, make duplicates. That would be fatal to him. 
It is very rare that patterns are registered, but there is an 
honourable understanding among manufacturers which prevents 
poaching; an artist who betrayed a purchaser would be dis- 
owned; and, as every year every house must bring out fresh 
patterns there is a constant market, and his last year’s work 
may be accepted in due time. The price of course varies very 
much. If an artist gets a reputation he may be engaged by one 
house not to work for any other. We believe the late Mr. 
Owen Jones made such an arrangement. Then of course the fee 
is doubled or trebled as the case may be. Some French artists 
prepare one hundred patterns a season, and in their best ones 
will realize £5 per pattern. The English patterns are preferred 
if the taste is equally good. 

The division of the pattern into parts according to the num- 
ber of colours is the work of the manufacturer, or rather of the 
block-cutter. He sees that all shall be so set as to work one 
over the other in the single revolution of the machine, and make 
perfect “register.” The artist has not to supply what might be 
called “ working drawings.” 

There is another interesting room—the mechanical room—in 
which new pieces for the machinery are made for repairs, or 
where rough castings are smoothed into polish and form and 
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duly fitted. This is of course a trade and department of itself ; 
every large steam-working factory is compelled to have such a 
shop and keep its own hands ; they could not depend on the 
dilatoriness or arbitrary convenience of any mechanical engineer. 

Then there is the stock of paper, the stock of finished goods, 
and the arrangements for packing—these can all be imagined ; 
but it is not everywhere one sees 70 or 80 tons of such property 
in one place, converted or to be converted into value, and ex- 
ported or sold to the wholesale houses throughout the United 
Kingdom, Canada and France in so quiet, obscure and outlandish 
a part of London as Old Ford, and find that there is nothing 
superior to it in the trade. 


SIR JOSEPH WHITWORTH’S GUNS AND STEEL. 


THERE are very few people either interested in 
mechanics or warfare who have not more or less 
followed the different improvements which have 
been made in the art of destruction during the 
last twenty years, and those who have done so 

| will have noticed that the greatest advances have 

been made by the mechanical and not the military engineer, or 
artillerist. 

This is however hardly to be wondered at; the mechanic 
would necessarily see more easily the causes which produce cer- 
tain effects than the military man, and to the Whitworths, 
Armstrongs and Frasers of the present age the country must 
look for the weapon, although the uses that are made of it 
must depend upon another cast of mind, and class of men. 

Hence it seems that the country should also look to the mecha- 
nical or gun-producing mind for the decision as to the merits of 
the question in a large measure ; but it does not, it looks to the 
soldier, and his opinion prevails. 

It will be desirable, however, to limit the remarks in this paper 
as much to the point as possible, and to avoid entering upon a 
controversy of any length ; also, as many persons may have for- 
gotten the subject or know it only fragmentarily, it will be well 
to give an outline of Sir Joseph Whitworth’s system, as explained 
in his recent publications. He begins by producing a metal 
which combines the two properties of strength and ductility—the 
last is all important, for if a hard brittle substance be employed, 
as for instance cast iron, a great mass of metal must be used to 
secure the necessary strength, and then no warning would be 
given in the event of failure. So again a gun made of hard steel, 
that would contain of necessity much carbon, would be deficient 
in ductility, whereas one of a less highly carburized steel would 
lack hardness and be too easily stretched ; such steel also, as 
is usually cast by the common processes, retains so much air 
in it and is so uncertain, that it cannot be depended upon ; when 
fractured it exhibits a number of cavities or cells, each of which 
is so much off the strength of the section. 

So Sir Joseph Whitworth devised a method by which he gave 
to the less carburized steel that hardness and uniformity of com- 
position and structure which is found in the metals which possess 
more carbon. He takes the metal as it is poured from the 
crucible, charged with its proper proportion of carbon, and he 
then subjects it to an enormous degree of pressure by hydraulic 
machinery. The result is, that instead of having an imperfect, 
honeycombed cellular substance, equally uncertain and deficient 
in hardness, he obtains a perfectly solid and homogeneous mass, 
and in that state it is allowed 0 coo/. It is a material in fact 
far surpassing all other materials in average strength, and far 
a-head of them in the certainty of being sound. This process 
seems so reasonable and truly mechanical that it has only to be 
explained and shown practically to be possible, to prove its case, 
and accordingly we find Mr. Reed, when in the plenitude of his 
official responsibility, addressing Sir Spencer Robinson thus: 
“ T have already expressed my conviction that the Whitworth 
metal is much superior to all other existing steels for the manu- 
facture of ordnance. In no branch of manufacture has the want 
of soundness and uniformity in steel been more severely felt 
than in this, and in none isa superior steel more essential.” And 
he goes on to say, “no one who has considered the process of 
Sir Joseph Whitworth and has examined the steel produced by 
it, can, I think, doubt for a moment that it is a more close, a 
more compact, and a more perfect material than any other de- 
scription of steel in existence, not excluding the most costly 
produce of the best methods of manufacture.” 

Sir Joseph tells us that he experimentalized on small cylinders 
of metal 2 in. long, and having an average section of half a square 
inch ; these were torn asunder by hydraulic pressure, and the dif- 
ference in length before and after the pulling asunder represented 
the elongation and ductility of the metal. 








. 


By this means he showed that, whereas the tensile strength per 
square inch of Bowling and Lowmoor iron is 27 tons, with a duc- 
tility of 38 per cent. ; and cast-iron is 10 tons, with a ductility of 
0°75 per cent, the various steels compressed by his process gave 
results varying according to requirements from 40 tons, and 32 
per cent. elongation, to 72 tons and 14 per cent. elongation. It 
certainly cannot be said that he has given his case any unfair 
advantage ; on the contrary, he gives wrought and cast-iron such 
a character as very few engineers would have assigned to them, 
or have ventured to specify. 

To give some idea of the amount of air and gas expelled from 
the molten mass of fluid steel, we are told that its length is 
reduced one-eighth part by the pressure; and when that amounts 
to 20 tons to the square inch, the metal becomes as strong and 
ductile as if it had been forged. 

No wonder that the inventor of so useful a material should 
see for it a great future, and a universal application to railway 
axles, screw-propeller shafts, railway carriages, and a variety of 
useful purposes. In these matters, however, the element of 
prime cost must not be lost sight of—a good material may, from 
the cost of manufacture, be for some years prohibited in the 
market. The method Sir Joseph employs for testing his com- 
pressed metal is ingenious and convincing. A small cylinder or 
section of a tube, representing a gun barrel, is firmly plugged at 
both ends, a charge of gunpowder being then fired within it; 
after six explosions, the cylinder certainly burst open, but re- 
mained still in one piece, the actual aggregate of the powder 
charges being 250 grains. The cylinders were 4 in. long, 14 in. 
external diameter, and 3-inch internal diameter ; the successive 
explosions increased the external diameter to very nearly 14 in. 
before rupture took place. 

To place the value of the Whitworth metal beyond question, 
it has been shown that a cylinder made of it was capable of en- 
during 48 explosions, of 24 ounces each, of gunpowder ; whereas 
a similar cast-iron cylinder burst into twenty pieces at the first 
discharge of 3 ounces. 

The success achieved by the Whitworth system has been due 
in a great measure to the very careful and logical reasoning by 
which each successive a has been worked out, and to the ex- 
traordinary accuracy employed in the mechanism. 

A visit to Sir Joseph’s library at Berkeley Square will best ex- 
plain the various apparatus employed in arriving at “truth.” 
Many persons are in the position of Pilate, and ask what is 
“truth?” In mechanism certainly Sir Joseph has anwered the 
—-- First of all we are shown two plane surfaces, so won- 

erfully accurate, that when laid upon each other, they do not 
touch, but seem to float on a thin stratum of air. When this 
air is expelled, the lower plate can be lifted by raising the upper 
one. 

We then see measuring machines of infinite capacity to 
achieve accuracy, such accuracy indeed as is, alas, really un- 
attainable absolutely, so long as dryness and moisture in summer 
and winter continue to exist ; for the machine is really ahead 
of the world it is intended to be used in. Sir Joseph professes 
to be able to measure the one-millionth part of an inch; this 
is an abstraction we can scarcely acknowledge the existence of; 
Charles Lamb used to say the Inland Revenue was an abstrac- 
tion he could never sympathise with ; and therefore, he did not 
feel for it when it was robbed by smugglers. Surely, he who 
differed from us in measure but one 4,oooth part of the thickness 
of a sheet of ordinary thin French writing paper, might be 
suffered to pass unchallenged through the portals of Truth! It 
cannot, however, fail to strike anyone, that, however perfect 
the machines may be, nature equals them in the keenness of 
sense of touch which she has given us. There are in the library 
in Berkeley Square a set of difference gauges made in 1855, for 
certain improvements in the then Enfield rifle. One is an 
external and the other an internal gauge, and the diameter of 
each is *577 of an inch; a very slight force suffices to move one 
through the other. Now there are five other gauges, each 
differing in size by the 5,oooth of an inch ; and in essaying each 
of these respectively, the importance of a true fit is manifested 
to the senses in a very impressive way. 

We believe that Sir Joseph Whitworth was first called in by 
Lord Hardinge, in 1854, to assist him in investigating the 
mechanical principles involved in making a good rifle ; and the 
first experiments conducted at Rusholme, resulted in the Whit- 
worth small-bore rifle. 

His first step was to find out the effect of increased twist in 
the rifling—he tried barrels with one turn in 20 inches, one turn 
in 10 inches, one in 5, and lastly one in 1 ; and from these he 
fired mechanically-fitting bullets of lead and tin. In this way the 
subject being fully investigated, practically it was found that the 
best twist for a rifle bullet was one in 20, the minimum diameter 
of the barrel being ‘45 inches. To mark how great was the 





revolution thus proposed, it must be remem that the bore 
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of the then rival Enfield was ‘577 inches, and the rifling was 
made one turn in 78 in., the length of the bullet being 1°81 times 
its diameter, against 3 to 1 in the Whitworth ; in the former the 
bore was cylindrical with grooves and lands ; in the latter it 
was polygonal, being a hexagon with the edges rounded ; and 
what were the results ? They were stated in the “Times” of April 
23, 1857 ; when describing the competition at Hythe, it says: 
“The Enfield rifle has been completely beaten, in accuracy of 
fire, in penetration, and in range, its rival excels it to a degree 
which hardly leaves room for comparison.” The Whitworth 

rojectile going through 33 half-inch planks of elm, and being 
Socnaes up by a solid balk beyond, while the Enfield ball could 
not get past the thirteenth plank. The extraordinary results in 
precision, penetration, and range, which were obtained from the 
Whitworth rifle at Hythe were confirmed still more emphati- 
cally by a further set of experiments made at Woolwich in the 
year 1857; and in 1860 the Queen graciously inaugurated the 
first prize meeting of the National Rifle Association at Wimble- 
don, by hitting the target within 14 inches of its actual axis, at 
arange of 400 yards, with a Whitworth rifle. 

It may, however, be sufficient to state, without going into the 
talented statements which are given in the Report of the 
Ordnance Select Committee in 1862, that at 1,000 yards range 
the Enfield gave a mean radial deviation of 95’o1 inches, 
against 23°13 in the Whitworth, and the mean angle of the first 
was 4° 3°33”, against 3° 5°36” in the latter. 

That results so remarkable should have led to many imita- 
tions is only natural. Hence we find the Henry rifle with a 
polygonal bore with seven instead of six sides, with a bullet 
2°93 diameters in length, and a rifling twist of 1 in 22in. So 
again the Metford rifle has a bullet 3:02 diameters in length, 
and is providedWith five grooves, but cylindrical in section, and 
having a maximum diameter of ‘47 of aninch. It has, however, 
an increasing twist. The Henry, as is well known, has a pro- 
jecting point at the angles, which was done in order to meet the 
requirements of a cylindrical hardened lead bullet, which 
cannot be much upset by the powder; but as Sir Joseph con- 
tends justly, the use of a steel bullet is rendered impracticable ; 
and simplicity and durability seem decidedly to be sacrificed, 
and greater liability to fouling to be caused. 

But a more important problem still is the form of projectile 
for flight. It would be conceived that the same flowing lines, 
which give the form to a ship to enable it to pass freely through 
the water, or to a bird’s body to glide through air, would apply 
to a bullet also. Such really seems to be the case. For flight, 
the head should be shaped to a curve of least resistance, and 
the rear tapered off. The form of rear is singularly important 
for long ranges ; it seems that a shot with tapered end will range 
one mile further than one with parallel ends. For short ranges, 
one is as good as the other ; the length should be from 3 to 4 
diameters. 

Some highly interesting experiments were made by the Ord- 
nance Select Committee in 1868, to compare the ranges obtained 
from a g-inch Whitworth muzzle-loading gun, with projectiles 
weighing 250 Ibs. and 300 lbs. 

A gun weighing 14 tons 8 cwt. was employed, the bore was 
hexagonal, the pitch of the rifling being one turn in 165 in. 
The length of the bore was 140°6 in., the major diameter being 
g'05 in. and the minor diameter 8°20 in. The length of the 
250 lb. shot was 24°5 in., and that of the 310 lb. shot was 31°6 
in., the powder charge being 50 lbs. 

To mention one result only, with an elevation of 33°, a pro- 
jectile of 250 lbs. achieved the astonishing range of 11,243 yds. 
or 6°39 miles ; whilst a 310-pounder shell, with an elevation of 
10°, made 4,021 yds. with an ultimate deflection of only 64 yds. 

To show the extraordinary accuracy of the fire of the gun, 
one shot of 315 lbs. kept the exact line in a range of about a 
mile and a half, and another shot only deviated 7 in. from its 

th. 

“oo to the length of flight in importance comes the power 
of penetration, and here experience shows contrary to what 
would have been surmised, that a flat-headed projectile will 
penetrate armour plates, even when striking obliquely at ex- 
treme angles, and no other form will pass in a straight line 
through water, but these will ; if so, it seems singular that the 
authorities should still persist in arming our ships and coast 
batteries with only pointed shot. To hit a hard blow in the 
most vulnerable place is surely the essence of warfare, and 
what place is more vulnerable than the unarmoured side of a 
ship below water-line? 

A very interesting series of experiments proves the value of 
the flat-headed projectile, whose properties can be summed up 
in a few words :— 

I. That it is capable of piercing armour plates atextreme angles. 

2. That increase in length of the projectile, while adding to its 
efficiency as a shell, increases also the penetrative power. 








3. That the amount of rotation adopted is sufficient to ensure 
the long projectiles striking “end on,” and consequently to 
accumulate the whole of the energy of their mass on the reduced 
area of the flat front. 

It seems that the same laws apply to rifle bullets, for in 1862 
Sir Joseph penetrated an iron plate a half-inch thick at an angle 
of 45°, the bullet having a flat head. 

In March, 1870, a 9-inch armour shell, weighing 404 lbs., and 
3% diameters long, made of fluid compressed steel, was 
fired, at a distance of 200 yards, against the War Office shield, 
which was composed of the extraordinary substance of three 
5-inch iron plates interlaminated with two 5-inch layers of iron 
concrete, the whole forming a prodigious mass 25 inches thick. 
The shell buried itself completely in this iron wall—indeed, 
penetrated it,—a result which we are told has never been ex- 
celled, and we can well understand that. 

It would be instructive to linger upon some of the interesting 
topics of experiment, and to speculate upon the results which 
have been arrived at with so much labour and forethought, but 
the space to which this article is restricted will only permit a 
record of the various steps taken in the path of progress. 

By experiment Sir Joseph proved that 3 diameters is the 
best length either for a rifle bullet or a 35-ton gun missile. A 
longer projectile is heavier, and being longer in the barrel con- 
sumes the powder better, and its momentum and consequent 
power of penetration is greater too ; but its weight is such as to 
cause danger to an ordinary gun, and greater rotation is 
necessary. 

In the year 1866 some further experiments were made at 
Southport with four 1-pounder rifle guns, having turns of 1 in 
10, 20, 30, 45 inches, the projectiles varying in length from 1 to 
7 diameters. 

With one turn in 10 inches all the projectiles went point 
foremost, but with one turn in 20 inches, those over 6 
diameters in length became unsteady ; and with one in 45, they 
turned over and flew very wild, when more than 3 diameters 
in length. 

All this pointed to the necessity of a high rotation for long 
projectiles. 

It is very remarkable to note the great importance of the 
length of the gun as affecting the range. We see in a table that 
the length of a barrel might be reduced from 50 inches to 30 
inches without really making much difference in the range; 
whereas a very formidable diminution occurs when the barrel is 
made only 20 inches, the actual range being 1,165 yards, 1,137 
yards, and 875 yards. 

The greatest gulf which intervenes between the Whitworth and 
the service projectile, however, lies in the hexagonal or studded 
system. To explain this without diagrams to the uninitiated is 
not simple; it may be briefly stated, however, that in the first 
case the whole surface of the shot is formed with six flat sides, 
which fit a truly hexagon bore or hole. In the other a cylin- 
drical shot has twelve little lugs or excrescences upon it, and 
these fit into corresponding rifled grooves in the barrel of the 
gun. The advantages of the hexagonal system are obvious, and 
they consist first in giving the greatest area of barrel surface to 
cause rotation; and secondly, in always inducing the shot to 
centre itself, that is to say, in making it always travel along the 
precise line of the axis of the barrel. The objection to the 
system appears to be, that it is a more troublesome thing to cut 
out a hexagonal hole, than it is to rifleby simple grooves a cylin- 
drical one. 

The very small area of the s¢uds in the service projectile seems 
prima facie however to condemn that system. 

In 1872 a g-pounder breech-loading Whitworth gun and 
carriage was exhibited at South Kensington, and it was publicly 
tried at Southport on October 8th and goth, 1872. It hada sliding 
heavy breech piece working in a set of parallel grooves or threads, 
which are called “ straight line screws” by the inventor ; this 
arrangement gives an aggregate large bearing surface. 

Another feature is the enlargement of the powder chamber— 
that is, a greater diameter in the barrel where the powder comes 
than elsewhere—the shot chamber too is slightly increased, but 
not much. 

With an elevation of 40° this gun threw a shot weighing 12 lbs. 
9 0z., to a distance of 10,226 yards, another trial gave 10,538 
yards mean range. It sent a 16-lb. shell through a 3-inch 
armour plate placed at an angle of 45°, and then 5 ft. deep into 
sand beyond. 

It appears also that the range of the Whitworth 9-pounder at 
1° elevation is very nearly the same as that of the Woolwich 
g-pounder at an elevation of 2°, and the range of the Whitworth 
gun at 4° is greater than that of the Woolwich gun at 6°, and so 
on ; that is to say, the trajectory of the Whitworth gun is far 
less than that of the Woolwich one, the powder charge however 
seems to have been greater in the former than the latter. 
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Sir Joseph claims that his guns are in all respects more 
efficient and serviceable than the Woolwich service pattern, and 
he gives in proof of the various statements he makes such precise 
data and information from actual comparative experiments, that 
it is difficult not to accord with him in all he says, for his argu- 
ments are all based on true mechanical principles, and his 
results are worked out first of all by the inductive reasoning 
of the mind and then clenched by the stubborn logic of fact. 

So far as this country is concerned, the arguments of the 
Whitworth system have been only indirectly admitted—all the 
attempts which have been from time to time made to induce the 
government of the day to give the country the benefit of the 
principles which Sir Joseph Whitworth has worked out, have 
failed. 

An appendix gives us, chapter and verse, the correspondence 
and reports, extending over seventeen years, from 1853 to 1870, 
and it is amelancholy record of blighted hopes and disappointed 
aims. Yet it is impossible to avoid admitting that the Whit- 
worth system has to all intents and purposes been adopted, in 
its three essential elements of diameter of bore, pitch of rifling, 
and length of bullet ; and it took fifteen years to get these fea- 
tures into the service arm, and at the end of that period their 
real propounder was forgotten or ignored. 

The Committee on one occasion ascribes the penetrative 
effects obtained by the Whitworth gun to— 





1. The use of very large and destructive charges. 

2. The use of superior metal in the shot or shell. 

3. Forms more favourable to penetration than those they were 
compared with. 

In another place they say that the Whitworth system ot 
rifling is found by the experience of the Royal Gun Factories, 
“to be the most expensive and complicated of all.” 

In another case we find a Whitworth gun condemned because 
of a crack in a small check plate placed to protect the breech 
piece, which plate really formed no part whatever of the gun, 
any more than a saddle forms part of a horse. 

In June, 1870, the War Office and the Admiralty concur in 
the conclusion not to manufacture a 35-ton Whitworth gun as 
first proposed ; and notwithstanding a favourable report from 
Mr. Reed, endorsed by Sir Spencer Robinson, no further action 
has been taken by the late government of Mr. Gladstone. 

Meanwhile Sir Joseph, from overwork, fell into a bad state ot 
health, and the further prosecution of the work is now entrusted 
to a limited company. 

It is in these affairs always a consolation to remember that 
time generally does make the truth triumphant ; and it may be 
safely predicted that the present generation will live to see the 
adoption of the sound mechanical principles which have been 
demonstrated by Sir Joseph Whitworth. 














HOCK’S PETROLEUM MOTOR. 
By C. S. Norris, C.E. 


HE Schottenring Iron and Machine Company 
(Vienna) exhibit at the International Exhibition, 
South Kensington, a novelty in prime-motors, 
namely, the Petroleum Engine, No. 6,038, of Mr. 

| Julius Hock, a Viennese engineer; which is a 

: ' noteworthy departure from all precedent, in- 
asmuch as the fuel is burnt directly within the working or power 
cylinder, and the power generated is a peculiar and ingenious 
combination of suction, atmospheric pressure, explosive or ex- 
pansive force, and vzs viva, whereby is attained the combination 
and realisation of two long-sought aims, namely, the utilisation 
of the force of explosion for the generation of power in a prime- 
motor, and the utilisation of the liquid hydro-carbons as fuel and 
power-generators. 

The efforts which have hitherto been made to employ these 
hydrocarbons, such as petroleum, &c., have taken the direction 
of its use as an indirect agent, subserving merely the purpose cf 
evaporating water in a boiler into steam, whereof the expansive 
power supplies the initial force required. In some cases boilers 
have been fitted with appliances for simply distributing petro- 
leum, in a liquid state, over and among the ordinary fuel used 
for firing purposes: in a more advanced stage, combustion, 
having been initiated in the boiler-furnace in the ordinary way, 
by fuel on the fire-bars, is maintained by supplies of liquid 
hydrocarbon, forced into the fire-chamber by means of a steam 
injector, so that it enters as spray, in a finely subdivided state, 
favourable for rapid ignition and perfect combustion : in another 
system, adopting the process of generating an air-gas by forcing 
atmospheric air through petroleum or other liquid hydrocarbon 
in a tank—as commonly practised for illuminating purposes— 
such air-gas is conveyed to a series of perforated pipes, or burners, 
placed within the horizontal tubes of a tubular boiler, and by 
inflaming the issuing gas-jets supplies the heat necessary to 
evaporate the water in the boiler into steam. 

Something of these principles, with a variation in their appli- 
cation, may be seen in Hock’s petroleum prime-motor, under con- 
sideration, which is thoroughly illustrated in the accompanying 
engravings. Liquid hydrocarbon, in small quantities, is injected 
by atmospheric pressure, not by steam, not into a fire-box but 
directly into a cylinder, which becomes the combustion chamber ; 








issuing in the usual form, it is at once distributed and divided by 
an atmospheric jet, serving the double purpose of dispersing and 
partly vaporising it in the form of spray, and of partially diluting 
it with a small admixture of air, which is a constant quantity ; 
further atmospheric diluent is supplied through an air-chest, 
suitably provided with valves, and connected with a variable 
governor-mechanism, whereby the admission of this portion of 
the air applied to the work-cylinder may be regulated and varied 
in an ascending scale, from #z/ toa maximum. But the formation 


Fig. 3. 





and use of quasi-air-gas does not end here ; it is also made in- 





dependently in a separate apparatus connected with the engine, 
in order to supply the means of ignition for the gaseous explosive 
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Fig. 2. 


in the cylinder, by means of one permanent flame and one inter- 
mittent gas or flame-jet, projected at regular intervals into the 
cylinder, generating an intermittent series of small explosions, 
the variable effect and power of which, acting ona suitable piston 
and rod, connecting-rod, and cranked axle, are absorbed, dis- 
tributed, equalised, and given out by the ordinary agency of a 
heavy fly-wheel, belt-pulley, &c. 

It will thus be seen that this prime-motor may be regarded as 
composed of three distinct apparatus, duly and suitably connected 
and associated together, whereof the engine is the chief, the others 
being the gas-generator and the receptacle for petroleum. The 





small plan, shown in fig. 1, illustrates the general arrangement 
and relative position of the parts, which are also shown, on a 
somewhat larger scale, in the side elevation, fig. 2, and in the 
end elevation, fig. 3. The engine is carried on an ordinary 
cast-iron bed-framing, to which are bolted down the cylinder and 
the brackets carrying the bearings of the crankshaft, fly-wheel, 
V, and driving-pully O ; upon the shaft is also fitted an eccentric 
with rod and buffer T, striking upon a hemispherical caoutchouc 
disc R, acting as an intermittent air-pump, and connected by 
pipes with the apparatus for generating air-gas, H, which is 
placed independently on one side of and adjacent to the frame. 


Fig. 4. 





The engine is also fitted with a governing and regulating mecha- 
nism, comprising mainly two parts ; the customary governor 
balls and connections //, driven by belt from a pulley on the 
crank-shaft adjoining the fly-wheel ; and a valve-box X, attached 
to one side of the cylinder, with spring and rod WW, and actuated 
by an eccentric on the other end of the crank-shaft, close to the 
driving-pulley ; a second eccentric works a cold-water pump U, 
whereby water is supplied continuously for cooling the cylinder, 
- that its temperature may not exceed a certain prescribed 
imit. 

The controlling and regulating mechanism of the engine is 
represented in detail, on an enlarged scale in fig. 4. Herein X 





is the air-chest, or valve-cylinder, fitted with an inlet-valve 4 for 
air, and an outlet-valve ¢ for the exhaust of the combustion pro- 
ducts in the work-cylinder, the latter being alternately opened 
and closed, at suitably-regulated intervals, by means of the 
eccentric-rod W, and the coiled spring W’. The air-induction 
valve 4 is held in a partially open position, forming a variable 
opening, which is enlarged or contracted by the action of the 
governor-balls /f/ A bent lever R”, pivoting on a bearing affixed 
on the top of the valve-chest X, is attached at its opposite ex- 


‘tremity to the valve 4 ; at the intermediate elbow it is connected 


to the end of an adjustable hollow arm or lever @’, the prolongation 
of which is by a’ screwed spindle ¢, with nuts, passing through 
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a collar in a short arm g, carried on a spindle at the other end 
whereof is an opposite lever arm g’, attached to the governor 
axis, and rising and falling with the governors in the usual way. 
The screwed spindle ¢ passes down into the hollow arm @’, and 
terminates in an abutment plate serving to compress the spiral 
spring @,; the initial tension of this spring is set and regulated 
by the screw-nut on ¢ against the collar g, serving thereby to 
adjust the valve 4 to its normal position. The products of the 
combustion and explosion of the petroleum explosive mixture in 
the work-cylinder, escaping from in front of the piston on its 
return stroke, are exhausted through the valve c into a bent 
elbow and stove pipe, shown in the side and end elevations, figs. 
2 and 3, and these gaseous products, stated to consist of carbonic 
acid gas and steam, mingled with certain empyreumatic gases, 
may thereby be conveyed away to the chimney outlet, or other- 
wise subsequently utilised for warming purposes, as they escape 
at a very high temperature. 

In fig. 5 are shown the inflaming and gas-generating appa- 
ratus. The object here is to have one continuous current of air- 
gas, maintaining a permanent flame, and one intermittent current, 
maintaining a continuous and regular series of puffs or jets of 
air-gas, which, being inflamed by passing through the permanent 
flame, form jets of flame injected into the work-cylinder to ignite 
and explode the petroleum spray therein, and this is attained by 
the following devices :—A special hydrocarbon fluid I, such as 
naphtha, with a specific gravity of 0°69, is stored in a receptacle 
or cistern H, fitted with an air-tight cover, provided with two 
outlet cocks, and an inlet pipe P dipping down to the bottom, P 





being in communication with the india-rubber hemisphere R, 
which is attached to a circular iron disc, fitted with an inlet valve 
S anda cock Q. By the action of the eccentric rod and buffer- 
head T striking against the elastic hemisphere, this latter is 
alternately compressed and expanded, drawing in air by suction 
through the valve S, and forcing it through the pipe P into the 
gas generator H, wherein, bubbling up through the liquid hydro- 
carbon, it volatilises it, and forms an air-gas in the upper part 
of the receptacle. The inflammable medium so generated passes 
off by two outlets, whereof one conducts it through a pipe and 
inlet K into a small telescopic gas-holder M, in a suitable case 
L, sealed with water, whence through another pipe N it is con- 
veyed to a burner N’, affixed to the cover at the end of the work- 
cylinder, and provided with a shield or guard-plate N” between 
the cylinder and the flame. This being ignited burns continuously, 
and inflames the other current of inflammable gas which is 
throttled and conducted by the pipe J’ from the generator H 
direct to a burner or injector J, whence, at every impulse com- 
municated by the buffer and air-pump, R, T, it issues in jets, 
igniting at the flame N’, and thus projecting a succession of 
flame jets into the work-cylinder through the small inlet-valve 
shown. It will be understood that these impulses will cease the 
moment the inlet valve Q is opened, rendering the expansion 
and compression of the elastic medium ineffective ; similarly it 
may be noted that by means of a variable eccentric (such as 
Chapman’s), the magnitude and power of the puffs or jets of air 
and flame may be suitably regulated to a nicety. As regards 
their suitable coincidence or alternations with the strokes of the 


Fig. 5. 
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piston, that is secured at the proper and necessary intervals by 
means of the relative positions of the crank and eccentric upon 
the driving shaft. 

The third part of this machine is that connected with the 
supply and automatic feed of the liquid hydrocarbon fuel, 
petroleum, to the combustion cylinder, where it is exploded, and 
does its work. This mechanism is shown in enlarged sectional 
detail at fig.6. Placed on a small raised stand is the petroleum 
recipient A (appearing also in the views figs. 2 and 3), which is 
filled with the liquid D, and is provided with a glass indicator- 
gauge A’. Passing downward into the fluid is a metallic plunger 
B, carried by a screw and handwheel C, passing through the 
cover of the tank A. The surface of the petroleum within the 
cistern is open to the pressure of the external atmosphere, and 
its level may be regulated by the hand-wheel and plunger, the 
effect whereof is, within certain limits, to influence and vary the 
power and work of the engine, somewhat similar to the variable 
expansion gear of an ordinary steam-engine. With a low 
surface level of petroleum in the recipient the consumption is 
less, and the power given out and work done are consequently 
diminished. When the petroleum surface stands high, the 
greater is the consumption of the fuel, and the power and work 
are correspondingly increased. 

At the bottom of the cistern or receptacle for petroleum, and 
on the side adjoining the cylinder, is fixed a cock B’, command- 
ing the pipe E, connected with the nozzle or injector E, whereby 
the petroleum, by the force of atmospheric pressure, is injected 
into the cylinder. But in the cylinder cover, immediately below 








the petroleum nozzle E, there is an air-nozzle F, with valve F’, 
whereby a jet of air enters simultaneously with the petroleum 
jet, and disperses it in the form of spray D’, in a finely-divided, 
partly-volatilised condition. The cock B’ must obviously be 
open for fuel to be consumed and work to be done, and the 
engine is brought to an immediate stand-still by closing it. A 
back check-valve E’ is fitted in the rising feed-pipe E, in order 
to prevent the reflux of the petroleum into the cistern, and keep 
the pipe constantly full. 

The cylinder and cover Z, Z, as shown in section in connec- 
tion herewith, form, as will be seen, a double hollow casing, with 
a space Z, entirely surrounding the piston, so that a continuous 
supply of cold water from the pump U (fig. 2) circulates around 
it, acting as a refrigerating jacket, and lowering the temperature, 
so as to avoid overheating. 

. The simple preliminaries necessary for setting the engine in 
motion are then as follows : the closing of the cock Q attached 
to the india-rubber aspirator, the opening of the cock B’ attached 
to the petroleum oe and of the cocks commanding the 
gas-pipes of the nozzles J and N’, and the preparatory ignition 
of the flame N’. Then, as the fly-wheel revolves, causing the 
piston to leave the end-cover of the cylinder, on its forward 
stroke, which tends to leave a vacuum behind, but for the effect 
of the suction in producing an inject of liquid petroleum at E, 
and of air at F, dispersing the petroleum and mingling it with 
the air also admitted through valve-box, by V: thus, when the 


piston has completed about one-fourth of its forward stroke, the 


cylinder-space behind it is filled with an inflammable and 
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explosive gaseous mixture of air, petroleum spray, and petro- 
leum vapour. At this juncture the buffer-head is made to strike 
the caoutchouc hemisphere, whereby a jet of air is driven into 
the gas-generator, communicating the impulse to the air-gas, and 
expelling it forcibly at the nozzle J, so that it is injected into the 
cylinder, igniting by its passage through the fixed flame. There- 
upon the contents of the cylinder are inflamed and exploded, at 
a high temperature and with great pressure; the shock closes 
all the inlet valves, and concentrates its effect on the piston, the 
outlet of least resistance, just as the powder-charge in a gun acts 





on the projectile, driving it forward to the end of its stroke, 
coincidently wherewith the exhaust valve is opened by its 
eccentric, and the contents of the cylinder escape rapidly from 
in front of the returning piston, brought back by the continued 
revolution of the flywheel, whereby its return stroke is completed, 
and the cycle of effects recommences, generating continuous 
power and motion. 

This prime-motor is, therefore, independent of all supplies of 
ordinary gas—not always available—of ordinary fuel, or water, 
for evaporating purposes, and the generation of steam; and 





Fig. 6. 


man 








cla | Wk 


W 


wie 





>. 


eC ES A BS 


















Lica 








m 
PELE 
































\ WOON . MRM N 
MODAN ADA DHAH diAdH‘9A qx» dh 
WW WS AQ QQ gy) wn CC. SN MAA GN 


substitutes therefore, as a motive power, the combustion and 
explosion within a confined chamber, of comparatively small, 
well-defined, but variable quantities of petroleum, partly liquid 
and partly gaseous, finely dispersed and commingled with a 
definite but variable quantity of atmospheric air; the ignition 
taking place by means of a temporary current of compressed 
gas, inflamed, generated, and produced by the engine itself ; 
and the effect being absorbed, and the work developed by the 
explosion being taken up, by a receptor or piston, which trans- 
mits the power through mechanism of a common type. It is, in 
this case, a horizontal single action engine, but may also be 
made vertical and double-acting. The engine has been devised 
and introduced as a moving power suitable for small industries, 
compact and simple in construction. It consumes a quarter of 
a gallon of petroleum per horse-power per hour. As an example 
of its use, it may be noted that the Viennese Imperial Printing 
Establishment has employed one of them for several months 
past. 


LACE MAKING: PILLOW, POINT, AND MACHINE, 


IN elegant product is lace, whether made by hand 
or by machine ; whether of flax, silk, or cotton. 
It is clean to make, soft to handle, pleasant to the 
eye, graceful to wear ; and we need not wonder that 







d/ (ZS) XS} it has had a long period of public favour, especially 
SRE SIO among ladies. Its history, too, as a branch of in- 
dustry, is instructive, showing how steadily machinery has been 
Striving to imitate and equal the dainty work of nimble fingers. 


PILLOW AND POINT LACE MAKING. 


Precursors.—Like most other branches of manufacture, lace- 
g grew up as an expansion or development of handicrafts 





known long before. Originally there was no very marked dis- 
tinction between lace and ornamental needlework. By whatever 
name known, the open-work embroidery of the fifteenth and six- 
teenth centuries is believed to have been the precursor of what we 
should now call lace. The best embroidery was called cut-work, 
and was produced in one or other of two ways :—(1.) A network 
of threads was arranged upon a small frame, crossed and inter- 
laced ; a piece of fine cloth was gummed underneath ; the network 
was sewn to the cloth by edging around the parts of the pattern 
intended to be thick or somewhat raised ; and the superfluous 
cloth was then cut away. (2.) Threads radiating at equal intervals 
around a common centre, served as a framework for other threads 
united to them in squares, triangles, &c., worked over with point 
noué (button-hole stitch), sometimes in open-work, sometimes 
close and thick. Much of the old conventual and church em- 
broidery was of this kind. 

A peculiar work of the sixteenth century was called JZacis, a 
kind of darned netting. Ona network of square meshes was 
worked a pattern with counted or regulated stitches ; or else a 
pattern was cut out of linen, and sewn down upon it. The plain 
ground, the network of meshes made stitch by stitch, was called 
réseau; the name /acis was not applied until the ornamentation 
had been added. Réseau was much employed for bed-curtains 
and valances. The young ladies in well-to-do families often 
occupied themselves in sam-work (samplers), to learn cut-work, 
réseau, and lacis. Singular as it may seem, a pattern closely 
resembling cut-work may even now occasionally be seen worked 
between the collar and the shoulder of an agricultural labourer’s 
smock frock. During a considerable period the name fassament 
was used to denote all kinds of lace, gimp, and braid, of whatever 
species of thread made ; the name /aczs was also given to a kind 
of white braid of interlaced threads when a pattern was worked 
upon it; and hence it is not always easy to tell what was the 
relation which passament bore to true lace. 

Whether it was in Italy, Spain, or the Netherlands that lace, 
in the modern acceptation of the term, was invented, is a moot 
point. We have not space to enter into the question here ; we 
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refer those who are interested in the matter to Mrs. Bury Palliser, 

whose beautiful volume on lace, in its history and its technicality, 

is the leading authority on the subject. By whatever nation 

invented, and however much diversified, nearly all kinds of 

hand-made lace group themselves in two clusters, Jz//ow and 

= Treated as succinctly as may be, the production of these 
eautiful fabrics is pretty generally as follows. 

Pillow lace.—The workwoman is provided with a sort of pillow 
or cushion, stuffed with straw, and covered with printed calico. 
She has also a number of small 40ddzns, called in Devonshire 
sticks, made of box wood or beech wood, but in former times made 
of sheep bone or fish bone. The number of bobbins varies with 
the complexity of the work, but each has its quota of fine flaxen 
thread—some of the threads being thicker, to form the ornament 
or design. A cardboard or parchment pattern is provided, with 
the desired pattern outlined on it, and the outline pricked with 
holes. The pattern being laid on the pillow, pins inserted in 
various places, and the threads atoll to the pins, the worker 
proceeds with her work. She takes up the bobbins with her 
fingers, crosses them from right to left and from left to right with 
great celerity, and thereby causes the threads to twist around 
the pins and around one another. The threads are tied together 
in pairs at the top, which facilitates their holding together 
around the pins, and also enables the twisting to be better effected. 
If a coarser thread or gimp is used for the figured device, it is 
wound upon larger bobbins, sometimes called ¢vo//ies. The pins 
serve as temporary fixed points, each conducive to the formation 
of one row or group of meshes; while the bobbins serve as handles 
to the threads as well as a reservoir of material. As the several 
meshes are made, one by one, other pins are inserted to prevent 
untwisting ; the perforations in the parchment showing where the 
= are to be inserted. A visitor who at the International Exhi- 

ition in the present year has seen the nimble fingers of the 
lace-women making pillow-lace, will get a better idea of the 
process than by any amount of reading. 

The pillow lace produced on the continent during the last two 
or three centuries exhibits many diversities ; and some of the 
specimens are rising in price on the same principle as pictures or 
c er a. for by dealers on account of being old. One exist- 
ing piece of pillow lace is known to have been made as far back 
as 1495. Flanders seems to have the best claim to honour as 
the birthplace of this branch of the art. The trade almost sup- 


_ ported the country when other departments of manufacture were 


crushed under the horrors of political and religious persecution, 
in the seventeenth and eighteenth centuries; and, alive to its 
excellence, other nations borrowed the mode of making pillow 
lace from the Flemings. At the present time 150,000 persons 
are believed to be engaged at it, in Flanders and Belgium alone. 
There are goo lace schools for young girls, some in connection 
with convents, some with charitable institutions; the girls begin 
learning at five years of age, and can earn their living by the 
time they are ten. The best Flemish lace is Brussels, of the 
finest thread from the finest flax; or rather, the more costly 
specimens are made of flax, all others being made of exquisitely 
spun cotton. Some of the Brussels lace ground is made on the 
pillow, some by the needle ; but there is an increasing tendency 
to use machine-made net for the ground, and confine the hand- 
work to the ornamentation. In the best work each worker is 
confined to a particular part of the pattern ; so that the labours 
of several are combined on one piece. A rich flouncing of the 
best Brussels, 13 yards long by 14 inches wide, sometimes costs 
10,000 francs (£400) for materials and labour, a sum which is 
probably raised to £600 by the time the lace reaches the lady 
who wears it. Mech/in lace, another kind, is not now much 
made ; but when it formed a branch of industry in Mechlin and 
Antwerp, the lace was made in one piece on a pillow, with fancy 
stitches introduced ; the old specimens are much admired for 
their fine and transparent texture. Valenciennes lace is very 
extensively made, in various parts of France and Belgium; the 
ground has a large clear mesh, which throws up the pattern 
well; there are sometimes as many as 800 bobbins used in 
making Valenciennes edging. Zz//e and Arras lace bear much 
resemblance to Valenciennes. Chantilly lace, made at and 
around the town which gives it its name, is largely employed 
for mantles, shawls, dresses, and scarfs; it displays a thick 
thread pattern on a fine clear ground. 

English Pillow Lace-—Lace was made in Bedfordshire so far 
back as the time of Henry VIII.; but it first began to be noted 
when some Flemings came over to England to avoid the perse- 
cutions carried on by the Duke of Alva. Most of the southern 
counties carried on this branch of industry in the last century ; 
but it is now confined chiefly to Bucks, Beds, and Devon. 
Bucks takes the lead in quantity, but Devon in quality. Buck- 
inghamshire lace was once mostly confined to the borders of 
infants’ caps; but the produce is now chiefly imitations of 
Maltese and Cluny lace, and a kind called wire-ground lace. 





In 1624 two lace schools were founded in the county; they have 
now become numerous, the mistresses taking most of the profit 
of the lace made by the girls under tuition. Buckinghamshire 
wire-ground generally requires 100 bobbins to make it; the 
imitation Maltése and Cluny, having no separate ground, all 
the threads are of equal thickness. Pear/ edge is another 
kind made in the Midland counties. Bedfordshire has a large 
number of lace schools, sometimes four or five in one village, 
with twenty to thirty children each. The average earnings of the 
regular workers, when they leave the schools, barely exceed 15. 
per day—a small pittance for work which so much tries the eye- 
sight. Taking the counties of Bedford, Buckingham, and 
Huntingdon together, the pillow-lace makers are estimated 
at about 25,000 in number. Honiton lace is a general name 
for all the pillow-lace made in Devonshire, mostly in villages 
near the south coast. The kinds made are numerous, and are 
imitated from the productions of the continent. When Honiton 
made the ground as well as the rigs on the pillow, a clever 
worker’s earnings were considerably above the average; she 
was sometimes paid for her labour with as many shillings as 
would cover the ground she had made; but when Heathcoat 
introduced machine net, the making of Honiton ground almost 
ceased. The sprigs of Honiton lace are much in favour as an 
adornment applied to a net ground. Wedding dresses of great 
value and beauty have been made at Honiton for members of 
the Royal Family; the late Queen Adelaide was instrumental 
in bringing about a revival of the trade by this kind of encou- 
ragement. The Honiton lace on the wedding-dress of Queen 
Victoria cost £1,000. Jrish lace, like Honiton, is an imitation. 
The Limerick lace of the last century was a superior kind of 
embroidery, not now much made. As a partial remedy for 
the poverty and misery consequent on the famine of 1847, 
benevolent ladies established many lace schools in Ireland; and 
the lace made by the pupils in these schools is often very 
beautiful. As it belongs, however, rather to the class of point 
lace than pillow lace, we will speak about it presently. 

Point lace.—This is made in a different manner from pillow 
lace, with a needle instead of bobbins. The pattern is printed 
on small pieces of parchment, which are then tacked down to a 

iece of linen folded double. With one hand the worker care- 
fully lays a thread along the outline of the pattern ; with the other 
she fastens this to the parchment and linen by means of another 
thread and a needle. The groundwork, or plain mesh, is made 
by patient interlacing of threads, the needle being almost the 
sole implement employed. The decorative portions, within the 
spaces marked by the outline on the parchment, are then worked 
with the needle in various kinds of stitch and with various 
thicknesses of thread ; producing an infinite diversity of open 
spaces, large and small, circular and irregular, to aid the denser 
portions in developing the design. The lace is now made, and 
requires to be released from the parchment. To effect this, a 
sharp instrument cuts the threads which unite the lace, parch- 
ment, and linen; and the small pieces of lace are then Joined 
edge to edge by what is called an invisible stitch. : 

Point lace, although not now largely made, was at one time 
much more in vogue than pillow. Point de Venise was the kind 
that first became famous. A legend relating to its origin tells 
that a Venetian sailor, returning from the South Seas, brought 
home one of the specimens of coralline known as “ Mermaid’s 
lace ;” he gave it to a maiden to whom he was betrothed, and 
who was employed on some kind of embroidery or cut-work ; 
struck with its beauty, she succeeded in imitating the coralline. 
Whether this story is true or not, the production of point de 
Venise gradually became very extensive. There was no ground 
or net; the flowers were connected by threads overcast, or 
worked on with pearl loops. Point d@Espagne, or Spanish point, 
made something in the same way, was largely used for altar- 
cloths and ecclesiastical vestments. The word De sod is fre- 
quently used in connection with lace, but in an indefinite sense ; 
originally, when silk thread was twisted round a thicker cord, to 
aid in forming the device or flower, the silk was called guipure ; 
but the name became afterwards applied to the whole fabric. 
The name foznt, in like manner, has come to have varied 
meanings in regard to modern lace. At present only a little 
Venice point is made, chiefly by the inmates of convents, for 
church use ; but many workers employ themselves in imitating 
it for dealeus who pass it off as “real old Venetian point,”—one 
of the kinds of sophistication by which art collectors are often 
victimised. Greek point and Turkey point had their day, but 
are not now much known. Modern Sfanish lace is mostly 
limited to mantillas, sometimes the whole surface, sometimes 
only a border. France owes its exquisite A/encon lace to Venice. 
When Colbert, the great minister, heard that French ladies were 
in the habit of wearing Venice point, he resolved to introduce 
the manufacture of it into his native country. He engaged a 
Venetian directress, and established a factory at Alengon. 
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France soon equalled Venice, and then excelled it by the em- 
ployment of new processes and patterns. Argentan point isa 
French lace very much like Alengon. Point d@Alencon is now 
the only French lace made entirely with the needle ; the designs 
are printed from copper plates on green parchment. The chef- 
deuvre of Alencon is said to be a dress presented by the late 
Emperor Napoléon to the Empress Eugénie, and by her 

resented to the Pope, to be used as a trimming for his rochet ; 
it cost 200,000 francs (£8,000). The Empress Eugénie’s wedding 
trousseau comprised a flounce of point d’Alengon which cost 
22,000 francs (about £900), and employed thirty-six women 
eighteen months to make it. Alencon is still the most costly of 
all kinds of lace, but Brussels is trying hard to equal it, under 
the name of Joint gaze; some specimens of the latter, at two- 
fifths of the price, can only be distinguished from true Alengon 
by very close inspection. What the French call point a’ Angle- 
terre is neither point nor English ; at one time Mechlin lace was 
smuggled into France vié England under this designation. 
Irish point is the name given to the Irish imitations of foreign 
lace, already adverted to. One kind, known as Curragh point, 
has sprigs made separately of flax threads, on a ground some- 
times made by the crochet-needle, and filled in with stitches by 
an ordinary needle. The product grew greatly into favour, and 
about 1855 employed many thousand women and girls. At the 
Queen’s drawing-room in 1864, an Irish lady wore a train, 
corsage, and petticoat trimmed with Carrickmacross lace. Un- 
fortunately, the trade has recently much declined. 

Concerning the statistics of hand-made lace, little can be said 
with certainty. The number of lace-workers in Europe has been 
roughly set down at 500,000, of whom 250,000 are in France. 
The French districts are thus set forth—Auvergne 130,000, Nor- 
mandy, 55,000; Lorraine, 22,000; Lille and Arras, 18,000; 
Alencon and Chantilly, 12,500 ; and the small remainder in Paris. 
We have stated that the Belgian and Flemish workers are 
estimated at 150,000, and those of the Midland counties of Eng- 
land at 25,000. Of other countries we have no statistics. Mrs. 
Palliser gives a useful tabulation of the lace towns and districts, 
the kinds of lace made there, and the approximate date of in- 
troduction in many of the instances :— 


Italy, Venice.—Point. 
»  Milan.—Point. 
3 Genoa.—Pillow. 
»  Naples.—Pillow. 
Spain.—Black Pillow. 
Belgium, Brussels.—Point and Pillow, 15th century. 
mR Mechlin.—Pillow. 
Flanders, Bruges.—Guipure. 
‘ Ghent.—All kinds. 
wi Grammont.—Black pillow. 
Saxony.—Pillow, 1514. 
Switzerland.—Pillow, 1690. 
France, Valenciennes.—Pillow. 
»  Lille.—Pillow. 
Arras.—Pillow. 
sg Chantilly.—Silk pillow, 17th century. 
»  Normandy.—Black and white pillow. 
Ps Alencgon.—Point, 1665. 
»  Argentan.—Point, 1665. 
‘i Dieppe.—Point de Dieppe, 16th century. 
»  Havre.—Point d’Havre, 16th century. 
‘3 Bayeux.—Black pillow, 1740. 
a Caen.—White blonde, 1745. 
»  Auvergne.—Black and white pillow. 
a Le Puy.—Pillow. 
“ Craponne.—Pillow, 1830. 
ra Lorraine.—Pillow, 16th century. 
ei Mirecourt.—Pillow, 1715. 
Denmark.—Pillow, 16th century. 
Sweden.—Pillow, 16th century. 
Malta.—Black and white Guipure, 1833. 
England, Honiton, Pillow, 16th century. 
‘ Beds and Bucks, Pillow, 16th century. 


Some of the kinds here named are not now made at all ; some 
have shifted from the localities where they were established ; 
but the greater number are still produced at the places which 
give them their designation. 


MACHINE OR BOBBIN-NET LACE. 


There are few branches of industry more interesting, in a 
technological sense, than that of machine-made lace. Taking 
its origin in the humble processes of netting, knitting, and stocking 
making, it has advanced step by step; until the product now 
makes a wonderfully near approach, in complexity and beauty, 
to the exquisite pillow and point laces of Brussels, Mechlin, 
Alengon, Chantilly, Valenciennes, and Honiton. 








It was about the year 1758 when Mr. Strutt, the founder of 
the wealthy firm of the Strutts of Belper, (the head of the family 
is now Lord Belper,) invented the Derby-r7b machine, aningenious 
apparatus for weavingakindof lace-work pattern ontheankles and 
insteps of stockings. Five years later, Morris invented an eye/et- 
hole machine for making open-work mitts and gloves. After 
another five years, Crane devised a mode of producing flowered and 
spider net, by his Vandyke stocking web machine; and about the 
same time was invented Else and Harvey’s pin machine, which 
worked a kind of mesh very much like that of tulle or silk net. 
A little later, in 1777, appeared Frost’s point machine, fitted to 
produce a web of lace in hexagonal looped meshes of weft without 
any warp. Next came Hindley’s Joint net machine, which, when 
improved by Taylor and Flint, came very largely into use in the 
Derby and Nottingham district, especially the latter. Different in 
principle, as employing warp as well as weft, was Dawson’s warp 
machine, which manufactured both hosiery and a kind of lace. 

Such were the steps by which, in a period of about half a 
century, an advance was made from stocking-work to lace-work, 
by successive improvements in the construction and action of 
machines. Nevertheless, the specimens produced were but poor 
imitations of real pillow and point lace ; and Nottingham exerted 
itself with much spirit to make further advances. At length, in 
1809, appeared Heathcoat’s 4006in net machine, which will ever be 
recognized in the history of the manufacture as ¢ke invention 
which founded a great department of industry. Robert Brown, 
a few years earlier, had invented an ingenious machine for 
making fishing nets; and Heathcoat, studying this machine 
closely, hit upon a mode of applying its leading principle to 
weaving plain net with pada.» or six-sided meshes. How, by 
successive additions and improvements, the bobbin-net machine 
was made more perfect as well as more expeditious in action, 
we have not space to describe ; suffice it to say, that Brown’s 
traverse warp machine, Morley’s straight bolt machine, Mart and 
Clark’s pusher machine, Morley’s circular bolt machine, Leaver’s 
lever machine, and other inventions, contributed to give such 
efficiency to the bobbin machine as to render Nottingham the 
centre of a rapidly-growing and widely-extended branch of trade 
—supplying machine-made lace for those classes of the commu- 
nity who could not afford the costly pillow and point lace. 

It is no easy matter to describe the manufacture of bobbin- 
net—even the plain kinds which have no sprigs or ornamenta- 
tion. In the first place, it must be mentioned that there are 
warp threads as well as weft. The former are wound upon a 
beam; but the weft threads are managed in various ways, 
according to the kind of machine employed. The fabric is 
made vertically, not horizontally, as in an ordinary weaving 
loom. The weft, instead of being wound on a shuttle, is wound 
on numerous very thin brass bobbins—so thin, as to be enabled 
to pass between the closely approximating w threads. The 
bobbins are as numerous as the warp threads, instead of being 
(as is the case with the shuttles of a loom) only one or a few in 
number. Shuttles travel to and fro horizontally, passing all the 
— threads in turn, some under and some over ; whereas in 
the lace machine, ail the bobbins oscillate at one time like pen- 
dulums, passing between the warp threads at each semi-oscilla- 
tion ; and there are hooks or pointed wires which aid in linking 
the warp and weft threads so as to form meshes, sometimes 
quadrangular, but more usually hexagonal. These differences 
between ordinary weaving and machine lace-making will serve 
in some degree to illustrate the action of the bobbin-net 
machine ; but no words can convey a clear notion of the in- 
tricate beauty of the machine itself ; while engraved diagrams 
can only be understood by those well accustomed to the style 
adopted by mechanical draughtsmen. Those who have seen 
the lace-making machine at work, at the present (and final) 
annual recurrence of the International Exhibitions, will have 
noticed the marvellous regularity and precision with which the 
thousands of bobbins — their work. It is literally true to 
speak of thousands ; for the largest machines have now 3,000 
to 4,000 bobbins each. 

We have spoken of the mechanical arrangements by which 
bobbin-net is produced ; and must now notice the remarkable way 
in which the commercial consequences of the invention developed 
themselves. About the time when Strutt invented his machine 
for making a kind of lace-work insertion to stockings (noticed in 
a former paragraph), Hammond, a Nottingham framework 
knitter or stocking maker, noticing a piece of pillow lace on 
his wife’s cap, bethought him of imitating it by a modifica- 
tion of his stocking frame. His success was small, but it set 
other inventors thinking how they might achieve the wished-for 
result by other means. Morris, Crane, Else, Harvey, Frost, 
Lindley, Taylor, Flint, Dawson, &c., invented the machines 
which we have already noticed ; and by degrees the retail shops 
exhibited specimens of machine-made lace, very much cheaper 
than pillow or point, creating a demand which encouraged other 
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inventors. At length came Heathcoat’s machine, eclipsing all 
others, and establishing a distinct epoch in this branch of in- 
dustry. Like other introducers of new machinery, Mr. Heathcoat 
encountered the opposition of workmen employed in the older 
processes ; he was violently treated, his machines were injured 
and broken, and he removed to Honiton in Devon, which soon 
had reason to welcome his skill, energy, and capital. 

When Heathcoat had accumulated an honourable fortune, 
by the exclusive use of his patent from 1809 to 1823, the patent 
rights expired, and the use of his machine was thrown open to 
all. Nottingham was at once seized by a veritable bobbin-net 
fever. “ Clergymen, lawyers, doctors, and others,” says McCul- 
loch, “ readily embarked capital in so tempting a speculation. 
Prices fell in proportion as production increased; but the 
demand was immense, and the Nottingham lace-frame became 
the organ of general supply, rivalling and supplanting in plain 
net the most finished productions of France and the Nether- 
lands.” It is quite true that machine net can be made more 
regular and perfect than any made on the pillow ; McCulloch’s 
remark concerning ‘ rivalling and supplanting’ would not have 
been so correct had he been speaking of figured patterns. 
Profits and wages were high in the trade during many years. 
In the words of Dr. Ure, “it was no uncommon thing for an 
artizan to leave his usual calling, and, betaking himself to a 
lace-frame of which he was part proprietor, realize by working 
upon it 205., 30s., nay even 4os. per day. In consequence of 
such wonderful gains, Nottingham, the birthplace of this new 
net, with Loughborough and the adjoining villages, became the 
scene of an epidemic mania. Many, though devoid of mechani- 
cal genius or the constructive talent, tormented themselves night 
and day with —— of bobbins, pushers, lockers, point bars, 
and needles of various forms, till their minds got permanently 
bewildered. Several lost their senses altogether ; and some, 
after cherishing visions of wealth, as in the old time of alchemy, 
finding their schemes abortive, sank into despair, and com- 
mitted suicide.” The furor had the effect of establishing at 
Nottingham a great trade in machine making ; and this in turn 
drew the attention of many really clever artificers to the de- 
velopment of further improvements, illustrated in the successive 
and successful inventions of Brown, Morley, Mart, Clark, 
Leaver, and others. The fall of price that resulted from these 
numerous improvements was something enormous. Plain net, 
which Heathcoat sold at five guineas a yard in 1810, could be 
equalled at eighteenpence a yard in 1840; while net bordering, 
417 per piece at the first-named date, could be sold at 75. at the 
latter ; and quiltings fell in the same space of time from 45. 6d. 
to 14d. per yard! We know of scarcely anything, except steel 
pens and lucifer matches, that have undergone such an 
astounding lowering price in an equal number of years. Be- 
tween 1840 and 1874 the prices of Nottingham net have been 
still further lowered, so far as machine-labour is concerned ; 
although fluctuations in the price of cotton have occasionally 
had an opposite effect. 

Figured or Facquard Net.—In order not to interrupt the 
history of the rise of the machine lace manufacture, we have 
made no particular reference to the difference between plain and 
figured net. But we proceed now to notice this interesting 
subject. 

If there is one mechanical contrivance more remarkable and 
beautiful than the rest, in connection with the use of the bobbin 
net machine, it is the facguard apparatus, now so important in 
all kinds of fancy weaving. A plain net, such as in cheap 
seasons has been purchasable for so low a price as sixpence per 
square yard, can be produced on the bobbin-net machine without 
any additional appendage ; but a figured net, an imitation of real 
lace, cannot be so produced. For plain net, as for plain woven 
cloth, the weft threads cross the warp threads with undeviating 
regularity, producing a textile web unadorned with pattern or 
device. For figured or decorative designs, on the contrary, it is 
necessary that irregularities of movement shall be brought about, 
in order that the threads shall be congregated more closely in 
some parts, less closely in others, than in the general or plain 
parts of the net. In weaving, this irregularity is produced by a 
particular order or sequence in which the horizontal warp threads 
are lifted, to form the shed or opening along which the shuttle 
travels ; while, in lace making, it is produced by varying the 
order or sequence in which the oscillating bobbins pass between 
the vertical warp threads. In the old method of figure-weaving, 
strings were used to raise the warp threads—one to each ; and a 
most tiresome routine of operations had to be followed in causing 
the proper strings to lift at the proper moment. It was to sim- 
plify and expedite this operation that Joseph Marie Jacquard 
directed his attention. A poor French weaver, he conceived the 
idea of a new apparatus for the purpose, about the year 1790 ; 
but the troubles in his native country prevented him from 
realizing his conceptions until the beginning of the present cen- 
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tury. His machine for net-making, and his apparatus for figure- 
weaving, proved to be great incentives to French manufactures, 
and he is deservedly held in honour by his countrymen. 

Jacquard’s invention—sometimes called a machine, sometimes 
a loom, but more usually the Facguard apparatus, or simply the 
Facguard—is applicable alike to weaving and to lace-making. 
It is in the latter capacity only that we have to do with it here ; 
but we may as well quote, from the “ English Cyclopedia,” a 
brief description of the principle of action :—“ There is a hollow 
prismatic box, whose surfaces are pierced with a great number of 
holes ; and to each face of the box is fitted a card, similarly per- 
forated ; or, rather, there are for each particular pattern to be 
woven a large number of cards, all of equal size, and equal in 
size to each face of the box. The perforations in the cards 
where they occur are correspondent in position with some of the 
holes in the box; but in almost every card, the holes are fewer 
in number than those on each face of the box. All the cards are 
linked together by hinges or joints, in such a manner that, as 
the box rotates on a horizontal axis, the cards in succession lie 
flat on its several faces. The cards for one pattern may be 
several hundreds in number, and all form an endless chain. The 
box may have four, five, or more faces, according to circum- 
stances. Supposing each face to have too perforations, then 
the apparatus will contain 100 small bars or needles, ranged ina 
group, in exactly the same order as the holes in the faces of the 
box, the ends of the bars being immediately opposite the holes. 
Each bar or needle is a lever, by which certain warp threads are 
governed, in such a way that, when the bars are moved longi- 
tudinally, the warp threads become elevated or depressed. Now, 
if the box have a reciprocating motion, so that one of its faces 
shall strike against the ends of the bars, the ends of all the bars 
will pass into the holes in the box, if the face be not covered 
with a card; but if it be so covered, some of the bars will pass 
through the holes of the card into the holes in the box, while 
others, at the unperforated parts of the card, will be driven aside. 
Thus the bars become unequally acted upon, and they, in their 
turn, act unequally on the warp threads, depressing some, raising 
others, and leaving the remainder stationary ; and the cards are 
so perforated as to lead to the production of a pattern from this 
inequality of action.” Substitute the fact that the warp threads 
are placed vertically instead of horizontally, and this description 
will suffice for the application of the Jacquard apparatus to the 
bobbin-net machine, for the production of figured net or machine 
lace. 

The above extract states that the Jacquard cards for one pat- 
tern may be several hundreds in number ; but so complex has 
now become the pattern that four or five thousand cards are 
occasionally employed. In one celebrated instance, a damask 
table-cloth woven at Dumfries, there were no less than fifty 
thousand cards employed to produce the pattern; but so large a 
number is never employed in making figured net. 

The Jacquard apparatus, like every other machine employed 
in textile processes, has undergone many modifications since it 
left the hands of its inventor. Mackenzie has substituted a 
number of compound needles for the revolving bars. Martin 
devised a combination of perforated pattern papers, vertical 
needles, and presser bars, for selecting and acting upon a series 
of rods by which the warp threads are lifted, in accordance with 
the pattern. Thin sheet-iron has occasionally been used instead 
of cardboard ; but more success has attended the use of a con- 
tinuous strip of paper cut from a previously perforated sheet, as 
a substitute for the series of linked cards. Vincenzi has devised 
a form of Jacquard in which paper is thus used instead of card- 
board, and in which the whole apparatus is more compact and 
more facile in its action than usual. Junot employed paper 
strips loosely hinged together. Rouge’s Jacquard, by a different 
arrangement of cards, bars, and wires, dispenses with half the 
usual number of cards. Most of these additions or modifications 
have been introduced for the weaving of shawls, brocades, da- 
masks, and figured ribbons, but some of them are applied to the 
making of machine lace or figured net. A machine that will 
make net five yards in width, provided with twenty delicately- 
formed brass bobbins to every inch, and worked by a Jacquard 
apparatus having some thousands of cards, is certainly one of 
the triumphs of mechanical ingenuity applied to manufactures. 

Organization of the trade.—lf the specifications at the Patent 
Office were consulted, it would be seen that they comprise de- 
scriptions of an almost inconceivable number of new inventions 
for improving the processes of machine lace-making, both plain 
and figured ; but we must pass them by, and touch upon a few 
other aspects of the subject. 

In the organization of the Nottingham lace trade, the cotton- 
yarn agent comes between the Lancashire or Glasgow spinner 
and the lace-maker. He is sometimes a lace-dealer as well, 
selling the thread and buying the lace made with it. Some of 
the manufacturers have large factories, full oi complex and 
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costly machines ; others are machine holders, who pay a rental 
for the use of the machines, and let them out singly at a higher 
rental to the actual workers. The varieties of machine being 
numerous, there are many kinds of fabric produced, and each 
manufacturer generally confines his attention to two or three 
sorts—broad plain net, broad fancy net, sprigged net, wire 
ground net, quilling net, edging, &c. 

The net lace is not a finished product as it leaves the machine; 
it undergoes a few subsequent processes. Plain net requires gas- 
sing or singeing. It is exposed, while passing over rollers, to 
the action of minute jets of gas, which singe off the loose 
filaments without injuring the net itself. Some kinds of plain 
net are embroidered by hand. To effect this, designs are en- 
graved on wood blocks and slightly printed on the net ; the net 
is then stretched on a frame, and the embroidress works the 
pattern with needle and thread, in different stitches known as 
running, open-work, and filling. The work being soon learned 
by women and girls, the supply of labour is generally in excess 
of the demand, and the earnings are very small. Some of the 
net is ¢amboured instead of embroidered ; a small hook is used 
instead of a needle, to twist a thread into a kind of chain about 
and among the threads of the net. The better kinds of produce 
also require the services of lace-menders, who mend every de- 
fective mesh with needle and thread. All white net requires 
bleaching, and all black net dyeing, operations which give 
employment to distinct firms in the Nottingham district. 
Dressing is another process, by which the net is stiffened and 
dressed with some kind of size or paste. Making-up bears 
some resemblance to dress-making. Most of the processes 
above described are conducted while the net or lace is in a 
whole piece; but when any such piece is cut up into veils, 
collars, capes, lappets, &c., these separate articles require some 
kind of pearl-edge or border-finishing, alike for strength and for 
appearance ; and this completion is done with the needle. Pro- 
cesses of rolling and pressing finally bring the dainty fabric into 
a marketable state. 

It will be seen, therefore, that machine lace is not made 
wholly by machine ; there is hand-work comprised in most of 
the specimens produced. It is for the manufacturer to decide 
in what proportion and in what way the two kinds of labour 
shall be combined in or on the same piece : hence the numerous 
varieties which Nottingham now takes a justifiable pride in pro- 
ducing. Plain net is all machine work; sprigged net has the 
outline of the sprigs put in by hand ; fancy broad net and tatting 
are wholly worked at the machine ; edging has the device worked 
sometimes by machine, sometimes by hand ; lace bordering is in 
the same category as edging ; in made-up or piece goods, such 
as capes, collars, and veils, the device is produced partly by ma- 
chine, partly by hand; and so on. 

Mr. Felkin, of Nottingham, the leading authority on this sub- 
ject, has, in a trustworthy volume and in numerous articles, 
given the result of statistical enquiries instituted at various dates, 
into the matériel and the fersonnel of the machine-lace manu- 
facture in this country. We will give the chief facts in a con- 
densed form. In 1843 there were 2,600 bobbin net machines at 
work, I,500 on plain net and the rest on figured; 100 of the 
machines had the Jacquard apparatus attached ; there were also 
800 machines making what is known as warp-lace; the total 
value of the product was estimated at 42,750,000 annually. In 
1845 the machines had increased by about 600 in number ; and 
the wholesale value of the lace made had risen to £3,350,000. 
In 1851 the number of machines and the value of the produce 
were found not to have increased much since 1845 ; there were 
20,000 hands employed in various branches of the machine 
work ; and 113,000 women and girls plying the needle in lace 
embroidery, running, mending, making-up, &c. In 1855 there 
were 3,500 bobbin-machines and 900 warp ; the produce, worth 
£4,000,000, was the work of 135,000 persons. In 1856 a great 
advance was made in the application of the Jacquard to this 
branch of industry ; 400 were added within the year, and were 
employed in making beautiful imitations of Spanish lace man- 
tillas, Maltese lace, and silk lace ; the produce reached nearly 
45,000,000, two-thirds of which was exported. In 1860 it was 
ascertained that the Nottingham lace machines, one with another, 
cost about £230 each (without the Jacquard) ; they earned from 
£480 to £720 per annum each, and were calculated to last about 
twenty years, with occasional repairs. In 1865 there were 4,000 
machines of all kinds, three-fifths of which were engaged upon 
fancy nets ; it was admitted that the fancy nets produced made 
a nearer approach to real pillow and point lace than at any former 
period; the working people had increased to 155,000 in number, 
but as prices had lowered, the total value had only increased to 
£5,100,000 ; 500 distinct firms were engaged in the trade, either 
with the lace itself or in the fabrication of the machines. 

In the general partition of the trade, men are employed in 


machine making, machine tending, gassing, bleaching, dyeing, | 





and in the occupations of warpers, mechanics, porters, ware- 
housemen, clerks, &c. ; boys in clearing, winding, and thread- 
ing bobbins; women and girls in filling bobbins, mending, 
dressing, embroidering, scalloping, making up, folding, &c. 
Plain net is now sometimes made as wide as 30 quarters (7} 
yards), but the limit seldom exceeds 20 or 24; and the average 
of plain and fancy is about 12 quarters, or 3 yards, Of course 
a machine to make such great widths, with perhaps 3,500 to 
4,000 bobbins, must be very costly ; a Leaver’s machine is some- 
times worth £1,000, Plain net is now mostly made on rotary 
or circular machines ; it is a product of the larger factories, 
whereas the fancy nets are mostly the work of manufacturers 
who have only a small number of machines each. 


LACE AT THE SOUTH KENSINGTON MUSEUM. 


The exhibition of lace, mostly wrought in bygone centuries, 
at the South Kensington Museum, is valuable and instructive in 
no ordinary degree. It shows, to those who carefully study the 
several specimens, how one style grew out of another, and under- 
went modifications in extending from one country to another ; 
how at some periods grounds have been more admired than rich 
flowers, thick adornments with large open spaces more than 
small patterns, silk threads more than flax. The specimens were 
mostly purchased, at prices ranging from a few shillings to many 
guineas ; the rest were presented. Mrs. Bury Palliser, who 
arranged and catalogued the collection at the Museum, was 
among the most liberal of the donors. The second edition of the 
Catalogue prepared by this lady, in 1873, is admirably fitted to 
point out the chief characteristics of the several kinds of lace. 

Beginning with the cu¢-work which preceded true lace, we find 
thirty or forty examples of cushion covers, borders, curtains, 
altar-cloths, altar-frontals, table-covers, small coverlets, napkins, 
and samplers ; one special piece, part of an ecclesiastical vest- 
ment, was obtained from the Cathedral of Prague, and is su 
posed to be six hundred years old. Among more than fifty 
specimens of old Italian lace are many curious caps, lappets, 
collars, borders, squares, and pieces of edging. The distinguish- 
ing production of the Venetian lace makers in the second half 
of the seventeenth century is well represented ; it comprises the 
rose or raised point, having the designs in very bold relief. The 
albs, chasubles, stoles, maniples, corporals, altar-cloths, Madonna 
dresses, and dresses for images of saints, show how largely this 
old Venetian was used for ecclesiastical purposes. Portuguese 
point, a kind of flat Venetian lace, is represented by a few speci- 
mens, one of which is an infant’s christening suit. Genoese point, 
dated about two centuries back, is shown in a few specimens 
which were worked with fine thread imported from other 
countries. The Netherlands, comprising Holland as well as 
Flanders and Belgium, of course supply largely to the collec- 
tion. There are upwards of a hundred specimens of Brussels, 
Mechlin, Yprés, Antwerp, &c., the choicest of which are christen- 
ing suites ; the old Dutch Point is seen to be very strong, com- 
pared with the laces of Belgium and Flanders ; Germany, and 
other countries north, south, and east of the Netherlands, are 
represented by a few characteristic specimens. Three or four 
centuries ago, lace-making was actively conducted in a group of 
mountain villages on the confines of Saxony and Bohemia ; at 
the beginning of the present century, sixty thousand women and 
girls were thus employed; but through various causes, this 
branch of industry has declined. The work produced is coarse 
in character. Danish Jace, an imitation of Belgian and French, 
is not now made so much as formerly. The Swedish peasants 
make a kind of cut-work for theiz own wear. Russian dace is 
mostly coarse, founded on oriental patterns, and intended for 
church use ; there are no regular lace workshops, but peasants 
bring their handiwork to St. Petersburg for sale. 

France, as we may well suppose, is not neglected at South 
Kensington, seeing how great is the importance of lace in that 
country—half the lace makers and half the lace wearers of Europe 
being French. The A/encon point takes the lead, as being the 
most elaborate and complicated of lace, and made in such very 
small pieces. We are told by Mrs. Palliser that, even now, a 
wedding order of Alengon point will sometimes cost as much as 
£6,000! The specimens displayed are mostly borders, lappets, 
and edgings. The Argentan point is remarkably circumstanced 
in this respect, that the art of making it seems to be wholly lost ; 
it has a ground of large elaborate hexagonal meshes, and flowers 
heavier and more compact than Alencgon. This kind of work is 
shown in a few aprons, cap crowns, and flower pieces. Alengon 
and Argentan are the only two kinds of real French point, all 
the rest belonging to the class of pillow-made laces. Valenciennes, 
which reached its climax in the middle of the last century, is 
gone from the town which gave it its name; it is more worn 
than any other kind of continental lace, but is now almost wholly 
made in Belgium. Valenciennes lace is made with one thread 
for the ground and the flower, and is the strongest and most 
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durable of lace: hence the extensive use into which it has been 
brought. A few specimens sufficiently illustrate this lace ; as a 
few others do Zz//e and Arras laces, which are finer, lighter, 
and more transparent, but not so strong. The rich and costly 
nature of Chantilly lace is shown in the black and white 
silk lace mantillas, scarfs, and large pieces. Vormandy lace 
displays itself in imitations of Valenciennes and Chantilly. 
Auvergne lace is a veritable omnium gatherum,; for nearly 
the whole female population of the province are engaged in 
making almost all kinds of lace; and the display of specimens 
is correspondingly diverse. 

England of course occupies a place among the lace-making 
countries illustrated in this collection. Buckinghamshire lace 
is not now as in former days, when it was employed for infants’ 
caps; it had a clear and beautiful point ground, and patterns 
borrowed from those of Lille, which obtained for it the secondary 
name of English Lille. But when medical men advised mothers 
to allow their infants to grow up bareheaded, the Buckingham 
lace-makers suffered; they had to yield also to the competition 
of cheap but handsome machine-made lace; and so the county 
now chiefly makes imitations of Cluny and Maltese lace. The 
lace made in Bedfordshire and other midland counties is shown 
in specimens nearly resembling those of Buckinghamshire. 
Honiton lace, a general designation for the lace made in many 
towns and villages of South Devon, is well illustrated. It is 
more celebrated for the sprigs than the ground; the sprigs 
being made separately on a pillow, and either worked into or 
sewn on the ground. We are told that an old Honiton lace veil 
of the best kind is worth a hundred guineas, and that the thread to 
make it has sometimes cost a hundred guineas per pound, so exqui- 
sitely fine is the filament to which the flax is brought. Christening 
suites, borders, infants’ caps, collars, handkerchiefs, and separate 
sprigs show what Honiton can produce. At present, the fine 
ground and delicate sprigs are giving way to a sort of guipure. 
Trish lace, nearly all made in lace schools established by bene- 
volent Irish ladies, has no distinguishing characteristic; it is an 
imitation of various continental kinds. Among the forty or fifty 
specimens, one, about Io inches square, is considered to be the 
finest imitation of raised Venetian point ever produced, bearing 
the most scrutinizing comparison with the original; it was 
shown at the Great Exhibitions of 1851 and 1862, rewarded 
with a medal on the latter occasion, and then purchased for the 
South Kensington Museum for Io guineas, 


LACE AT THE INTERNATIONAL EXHIBITION. 


As there is only a single roadway to cross from the South 
Kensington Museum to the International Exhibition, so is it but 
a step for us to traverse from the lace exhibition at the one to 
that at the other. Ladies have contributed liberally out of their 
private collections to make the display at the International 
Exhibition as complete as may be during a given number of 
months in the present year. Mrs. Bateson sends a point 
d’Alengon sleeve, a lace body of the same kind once belonging 
to Marie-Antoinette, and a handkerchief of point d’Angleterre, 
said to be worth £200. Mrs. Bischoffsheim contributes speci- 
mens of old point de Binche and Valenciennes; and Mrs. 
Bolckow a Venice point robe, once belonging to an archbishop 
of Padua, with some fine specimens of Spanish point, point 
d’Argentan, and English rose point. From the Countess of 
Chesterfield comes an antique French flounce, with a raised 
device of figures playing on musical instruments. From Mrs. 
Davidson, a deep flounce of Venice point, once belonging to 
Marie Antoinette, and a fragment of an altar-cloth in Venetian 
guipure. Once again does the cherished remainder of the ward- 
robe of the unfortunate queen of Louis XVI. contribute, in the 
form of a Venice point cape, sent by Lady Drake; who also 
exhibits flowered sprigs of old guipure, and of English pillow 
lace of the seventeenth century. Mrs. Hailstone’s contribu- 
tion includes specimens of old Greek point and Venice point ; 
Mechlin ruffles once worn by the Young Pretender; and a 
curious bit of Indian lace, made of cocoa-nut fibre. From Lady 
Middleton comes a flounce of point de Venice; from Mrs. 
Morrison a bone-point trimming for a priest’s robe, a collar 
and an altar-cloth of Spanish point, a piece of Venetian rose 
point, and another of point d’Alengon. Lady Poltimore con- 
tributes a dress that (one more instance) belonged to Marie 
Antoinette, with her monogram worked in among the flowers; 
the Countess of Sheffield a piece of old Valenciennes, richly 
adorned with classical figures; and Lady Walsingham, a speci- 
men of point d’Argentan. Belonging to Miss Palliser are two 
specimens noteworthy in connection with two great men— 
part of the point d’Alengon bed-furniture of the first Emperor 
Napoléon, and Beethoven’s christening cap. The Grand 
Duchess Marie, Duchess of Edinburgh, has contributed 
specimens noticeable rather for their national character than 
their intrinsic beauty ; they comprise Russian towels embroi- 
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dered in red and blue, ancient and modern towels and sheets 
edged with lace, a muslin jacket with peasant’s lace, specimens 
of white and brown lace, and an album containing patterns and 
photographs of Russian lace of various periods—all tending to 
show that the lace of that country partakes of the nature of 
embroidery and cut-work. Many other ladies, titled and un- 
titled, have aided in bringing together this interesting collection ; 
including Lady Marian Alford, the Marchioness of Bristol, the 
Countess Brownlow, Lady Cooper, the Marchioness of Exeter, 
Princess Galitzin, Lady Duff Gordon, Lady Beresford-Hope, 
Lady Kavanagh, Lady Manners, Lady Neville, Lady Schreiber, 
Lady Stirling, and the Marchioness of Waterford ; but it will 
not be necessary to describe their contributions, 

The lace dealers have, of course, contributed out of their 
stores. At the head of the list stand Messrs. Buchholtz, who are 
said to give employment to the immense number of 10,000 
persons at Brussels and other parts of Belgium. Nearly the 
whole of their lace is made with the needle, most of it the finest 
Brussels point. A garniture, or suite of lace, of their manufac- 
ture, would sometimes take twelve women three years to make. 
This was the case in regard to their chef-d’auvre at the Exhibi- 
tion, valued at 40,000 francs. Three women were employed a 
month in producing one yard of lace two inches wide. A half- 
shawl, seven yards of flouncing eighteen inches wide, a berthe 
lappet, a parasol cover, fan, and handkerchief, form one suite. 
The rose petals in some of the raised work have almost the bold- 
ness of a/to-rilievo. Mr. Blackborne displays a point de Venise 
coverlet of the time of Louis XIV., and some beautiful specimens 
of Alengon and Argentan point. But his finest exhibit, con- 
sidered to be the most superb in the whole collection, is a bone- 
point coverlet, 24 yards square, so elaborate as to have required 
the aid of strong magnifying glasses to work it ; this coverlet 
once belonged to Louis XV. Bone-point, something like Spanish 
point,.is of the nature of linen embroidery, with the ground 
cut away, showing well on a foundation of rich velvet, for cover- 
lets, capes, altar-cloths, and other large surfaces. Messrs. Hay- 
ward, amongst other fine specimens, tempt the spectator with a 
superb specimen of Honiton, and a complete garniture of exqui- 
site Brussels point. The Honiton suite, comprising six yards of 
flouncing, five yards of trimming, and a pocket handkerchief, is 
priced £237, while the Brussels suite rises to £360. Messrs. 
Howell and James have draped a lay figure in a dress of purple 
velvet, trimmed with rich Honiton. Mdlle. Verdie exhibits three 
flounces of Alencon, valued at 700 guineas. 

Such is the curious art of lace-making, pillow and point, plain 
net and Jacquered net ; a beautiful mode of producing beautiful 
things, and giving employment to hundreds of thousands of 
ingenious persons, chiefly women and girls. 





DIRECTIONS FOR VARNISHES.! 
By A PRACTICAL WORKMAN. 


NGI] OLD Varnish.—Take 1 drachm turmeric, 1 drachm 

gamboge, I qt. spirits of turpentine, 5 oz. shellac, 
5 oz. sandarac, 8 drachms dragon’s-blood, 8 oz. 
thin mastic varnish. Shake the mixture occa- 
sionally, and set it aside to settle. Pour off the 
clear liquid, and it is ready for use. 

Carriage Varnish.— Take 19 oz. gum sandarac, 9! oz. orange 
shellac, 124 oz. white resin, 18 oz. turpentine, 5 pts. alcohol. 
Dissolve and strain. Use for the internal parts of carriages and 
similar purposes. This varnish dries in ten minutes, 

Deep Gold-coloured Lacguer.—Take 3 oz. seedlac, 1 oz. tur- 
meric, 4 oz. dragon’s-blood, 1 pt. alcohol. Let it stand one week 
and dissolve. Shake frequently and strain. 

Transparent Varnish—Take 1 gallon alcohol, 2 Ib. gum 
sandaric, + lb. gum mastic. Place them in a tin can. Cork 
tight and shake frequently, placing the can in a warm place. 
When dissolved it is ready for use. 

Cabinet Maker's Varnish.—Take § lb. very pale gum shellac, 
7 oz. gum mastic, I gallon alcohol. Dissolve in a cold atmo- 
sphere with frequent stirring. This varnish is used for French 
polishing, &c. 

Patent Varnish for Wood or Canvas.—Take 1 gallon spirits 
of turpentine, 24 1b. asphaltum. Put them into an iron kettle on 
a stove, and dissolve the gum by heat. When it is dissolved and 
a little cool, add 1 pt. copal varnish, and 1 pt. boiling linseed- 
oil. When entirely cool it is ready for use. For a perfect black 
add a little lampblack. 

Varnish for Iron.—Take 2 lb. pulverized gum asphaltum, + Ib. 
gum benzoin, r gallon spirits of turpentine. To make this varnish 











' From the ‘‘ Furniture Gazette.” 
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quickly, keep in a warm place, and shake often till it is dissolved. 
Shade to suit with finely-ground ivory-black. Apply with a 
brush. This varnish should be used on iron-work exposed to the 
weather. It is also well adapted for inside work, such as iron 
furniture, where a handsome polish is desired. 

Varnish Polish for Gun-stocks, &c.—Take to oz. gum shellac, 
I oz. gum sandarac, 1 drachm Venice turpentine, 1 gallon 
alcohol. Put the mixture into a jug for a day or two, shaking 
occasionally. When dissolved it is ready for use. Apply a few 


coats. Polish by rubbing smooth. 


A Varnish to imitate Gold, Silver, &c.—Put 4 0z. best gam- 
boge into 32 oz. spirits of turpentine, 4 0z. dragon’s-blood into 
32 oz. spirits of turpentine, and 1 oz. annatto into 8 oz. spirits of 
turpentine. Make the three mixtures in different vessels. Keep 
them in a warm place, exposed to the sun as much as possible for 
about two weeks, when they will be fit for use. Mix these in such 
proportions as may be needed for the colour desired to be obtained. 

Fapan of the best Quality—Put 3 lb. gum shellac into 1 
gallon linseed-oil ; take 4 lb. each of litharge, burnt umber, and 
red lead, also 6 oz. sugar of lead. Boil in the mixture of shellac 
and oil until all are dissolved ; this will require about four hours. 
Remove from the fire, and stir in 1 gallon spirits of turpentine, 
and the work is finished. 

Crystal Varnish for Maps, &c.—Mix together 1 oz. Canada 
balsam and 2 oz. spirits of turpentine. Before applying this 
varnish to a drawing or a painting in water-colours the paper 
should be placed on a stretcher, sized with a thin solution of 
isinglass in water, and dried. Apply the varnish with a soft 
camel’s-hair brush, 

Varnish for Tools.—Take 2 oz. tallow, 1 oz. resin ; melt toge- 
ther, and strain while hot to remove the specks which are in the 
resin. Apply a slight coat on the tools with a brush, and it will 
keep off the rust for any length of time. 


ON THE STRENGTH, ELASTICITY, DUCTILITY, 
AND RESILIENCE OF MATERIALS OF 
MACHINE CONSTRUCTION ; 

AND ON VARIOUS HITHERTO UNOBSERVED PHENOMENA, 


NOTICED DURING EXPERIMENTAL RESEARCHES WITH A 


NEW TESTING MACHINE, FITTED WITH AUTOGRAPHIC 
REGISTRY.' 


(Continued from p. 35, No. 19.) 
SECTION II. 
SOLUTION OF PROBLEMS AND EXPERIMENTAL 





RESEARCHES. 
14. 
NTRODUCTORY.—The preceding section has 
ES been devoted to a description of the peculiar form 


of testing machine employed by the writer during 
these researches, to an account of the general 
method of obtaining from any material an auto- 
graphic record of its mechanical properties, and 
to the interpretation af strain diagrams thus obtained from the 
useful metals, and other materials of construction. 

The part here presented contains an account of some of the 
more interesting and fruitful of the special investigations con- 
ducted with the apparatus, and embodies a description of certain 
remarkable and hitherto unobserved phenomena accompanying 
the distortion of metals, the discovery of which must affect the 
theory of the effect of stress in producing strain, and conse- 
quently must somewhat modify engineering practice. 

15. GENERAL DEDUCTIONS.—From what has already been 
shown, we may deduce the following 7ésumé of methods of de- 
termining the several more important properties of materials by 
an inspection of their strain diagrams. 

(1.) Zo Determine the Homogeneousness of the Material— 
Examine the form of the initial portion of the diagram between 
the starting point and the sudden change of direction which has 
been shown to indicate the elastic limit. Notice, also, its incli- 
nation from the vertical, and compare with it the inclination of 
the “ elasticity line.” 

A perfectly straight line beneath the elastic limit, perfectly 
parallel with the “elasticity line,” shows the material to be 
homogeneous as to strain; i.e.,to be free from internal Strains, 
such as are produced by irregular and rapid cooling, or by 














‘ This paper was read on Feb. 14, by Professor R. H. Thurston, 
Member of the American Society of Civil Engineers, before the Franklin 
Institute, Philadelphia. 











working too cold. Any variation from this line indicates the 
existence and measures the amount of strain. A line con- 
siderably curved, as in No. 6, Plate I., exhibits the existence 
of such strain. 

Next, examine the form of the curve immediately after passing 
the elastic limit. 

A line rising from the elastic limit regularly and smoothly, 
approximately parabolic in form, and concave toward the base 
line, as in No, 22, indicates homogeneousness in structure, and 
the absence of such imperfections as are produced in wrought 
iron by cinder, or in cast metals, which have been worked from 
ingots, by porosity of the ingot. 

A line turning the corner sharply, when passing the elastic 
limit, and then running nearly or quite horizontal, as in other 
irons and in the low steel of Plates II. and III., or actually 
becoming convex toward the base line, as with some of the 
woods in Plate I.; and then, after a time, resuming upward 
movement by taking its proper parabolic path, indicates a 
decided want of this kind of homogeneity. The relative length 
of the depressed portion of the line, and the amount of depres- 
sion, measures the relative defectiveness of materials compared 
in this respect. Finally, compare the diagrams produced by 
several specimens of the same kind of material, or from the 
same mass. 

Homogeneousness in general character and homogeneousness 
in composition are proven by the precise similarity of these dia- 
grams, while a greater or less variation of the curves compared, 
indicates a greater or less difference in the specimens of which 
they are the autographs. 

Materials should usually exhibit great homogeneousness in 
all these three ways, to be perfectly reliable. Perfect homo- 
geneousness is not to be expected in either respect. 

(2.) To Determine the Elastic Resistance of the Specimen.— 
Measure the height of the curve at the elastic limit, using the 
scale of torsion, or for tension, which is given for each machine 
and for each standard size of test piece, as shown in the accom- 
panying plates. 

(3.) To Determine the Resistance Offered to any Given Amount 
of Extension, or that Producing a Given Set.—Measure the 
ordinate of the curve at the point whose abscissa, or distance 
from the origin, measures the assumed degree of set. 

(4.) To Determine the Ultimate Resistance of the Material._— 
Measure, in a similar manner, the maximum ordinate of the curve. 

(5.) Zo Determine the Resilience of the Piece within the Elastic 


| Limit, ¢.e., the work required to produce an evident and per- 


manent set, approximately proportional, in amount, to the degree 
of change of form of the specimen. ‘This quantity measures the 
power of the material to resist blows, and its determination is 
evidently quite as important as that of resistance to static stress, 
which latter forms one of the factors of the former. 

Measure the area comprised between the ordinate of the curve 
at the elastic limit and the initial part of the curve. This 
quantity is proportional to the required value. Ov, multiply the 
elastic resistance of the material by the extension within the 
elastic limit. As an approximate result, two-thirds this product 
is the quantity required, in inch-pounds or foot-pounds, accord- 
ing as measures of extension are taken in inches or feet. 

(6.) To Determine the Resilience of the Material within any 
Assumed Limit of Extension, t.e., the magnitude of blow re- 
quired to produce a given set. 

Measure the area of the curve up to the assumed limit ; as, 
for example, the area, in Plate III., under No. 21, Z, 21, 21, 
Y, x; where the assumed set is the extension from Z to 2%. 
Two-thirds the product of the resistance, measured by the 
altitude Y x, and the extension 4 x, gives, as before, an approxi- 
mate value for ordinary purposes. 

(7.) To Determine the Total Resilience, or shock-resisting 
power, of the material. Measure the total area of the diagram. 
For ductile materials, an approximate value is obtained by 
taking two-thirds the product of thé maximum tenacity by the 
maximum extension. For hard and very brittle materials, one- 
half the same product gives very accurately its values. For 
intermediate qualities, the true value is more nearly two-thirds 
this product also. Swedish wrought-iron, white cast-iron, and 
hardened steel illustrate the first and the second classes ; ordi- 
nary tool steels are examples of the third class, as is also iron 
like No. 22. 

(8.) Zo Determine the Effect of a Load Given in Pounds per 
Square Inch of Stress —F¥ind a point in the curve having an 
ordinate which measures the given stress. The abscissa of that 
point measures the extension under that load. In other words, 
a point being found in the curve, the height of which above the 
base line is equal to the load per square inch, its distance from 
the origin measures the extension of the material as produced 
by that stress. 

(9.) To Determine the Effect of a Blow, or a Shock, whose 
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Measure is given in inch-pounds of Energy, t.e., of which the 
work, which it is capable of doing, is known. 

Find a point on the curve whose ordinate cuts off an area, 
between itself and the origin, representing the given amount of 


work, Or, find such a point that two-thirds the product of the | 
stress measured by its ordinate, and the extension corresponding 


to its abscissa, is equal to the number of inch-pounds given. 
The position of this point shows the maximum strain and the 
maximum extension of the material under the assumed 
conditions. 

Drawing a line through this point parallel to the nearest 
“ elasticity line,” the distance of the point at which it intersects 
the base line from the origin indicates the resulting set. 

(10.) Zo Determine the Effect of a Blow upon the Material 
when already Strained by a Dead Load.—Determine first the 
extension produced by the application of the static stress, as in 
(8), and then find that point on the curve between the ordinate 
of which and the ordinate of the point indicating the strain just 
found as due the dead load, an area is intercepted which 
measures the work done by, or the energy of, the shock which 
has been assumed or calculated. 

16, EXAMPLES.—Illustrations of the first seven of the above 
described processes are given either in the preceding portions 
of this paper, or will be noticed hereafter during the progress 
: special searches. Those succeeding may be illustrated 
thus :— 

(1.) Given, a load of 30,000 Ibs. per square inch. Determine 
its effect upon good qualities of cast and wrought iron, low 
steels, tool steel, and the weaker metals. 

Referring to Plate II. for examples, we find that neither cast 
copper, lead, tin, nor zinc would sustain such strain. All would 
be broken. 

Good iron, Nos. 1 and 6, would be strained beyond their 
limit of elasticity and would take a set after an extension of 
about 1 and 13 per cent. respectively. The exceptional iron, 
No. 22, would be strained to a point which is so nearly its 
elastic limit that it would remain practically uninjured. 

The low steels, Nos. 69, 67, 76, would bear the stress with a 
similar degree of safety, very nearly. The first would have a 
considerable margin of safety within its elastic limit ; 67 would 
be nearly, and 76 would be quite strained to the elastic limit, 
while 98 would take a set of about one-fifth of 1 per cent. 

If the strain were torsional, the weaker metals would be 
twisted off by a force corresponding to that here assumed, the 
good irons would take a set of about 25°, the best iron and the 
three stronger steels would take no appreciable set, and the 
softest of the latter would set at about 10°. In these cases, the 
specimens are supposed of standard size. For other sizes 
the forces producing similar effects would vary as the cube of 
the diameters. 

(2.) Given, the magnitude of a shock, or blow, ¢.g., as equal to 
that due a weight of one ton—2,ooo pounds—falling one foot, 
the rod taking the strain being of one square inch area of sec- 
tion, and one foot long. Determine the effect for each of the 
above-named materials. 

The effect of this blow is equivalent to an expenditure of 
energy amounting to 2,000 x 12=24,000 inch-pounds, 

The weaker materials, not possessing an ultimate resilience of 
this amount, would be broken. 

Forged copper would be strained, and would take a set 
after very nearly 12°5 per cent. of extension, since 0'125 x12 
24,000 X 2 ; Ne 

= 24,000, the work done by the blow being equilibrated 


by the product of two-thirds the resistance, noted at 110°, 


24,000X2 ; ; 
Plate 11.— ~~~» —into the extension 0°12! x 12 inches. Per- 


fect accuracy of figures may be ensured by perfectly accurate 
measurements. 

The specimen of iron No. 1 would be given an extension and 
set of very nearly 0068, since the resistances under this amount 
of stretch would be approximately 45,000 pounds per square 
inch, and the work during extension would be 0'068x 12x 


ao 24,000 inch-pounds. 
The iron of special grade No. 22 would be elongated o'o58= 
2,000 X 2 
0°69 inch,—as 0°069 x 12 x ee = 24,000 nearly. 


The same blow would produce on the rod, if made of such 
Steel as No. 69, an extension of 0°0384.x 12=0'461 inch, esti- 
mated thus : #=24,000+3°78,000—0'461, it being found, by 
“trial and error,” that the extension 0'0384 develops a maximum 
resistance of 78,500 pounds per square inch. 

It is evident that where extreme accuracy is required, the 
curves should be transferred to a new scale, in which the 
abscissas should be a scale of elongation instead of angular dis- 














tortion, and the area should be carefully measured.’ For the 
latter work, an Amsler “ Planimeter”? is useful. 

(3.) Given, a bolt of dimensions as last assumed, strained with 
the effect of a load of 30,060 pounds, as in example (1). Deter- 
mine the effect of a blow of 24,000 inch-pounds energy, occurring 
while the bar is sustaining the static load. 

The effect of the dead load, as already calculated, is to pro- 
duce a strain upon the low steels, and upon iron like No. 22, 
which would keep them extended only a very minute fraction of 
their original length, this extension being, even with the latter 
material, but 005 of 1 per cent. 

The effect of the blow would be, practically, the same as has 
just been estimated for the unloaded bar. 

Nos. 1 and 6 would be, as already shown, extended 1 and 
14 per cent. respectively by the simple load. The added effect 
of the blow would be to produce an additional extension and 
set of 0'0533 and 0'0555 respectively, since the mean resistance, 
45,000 + 30,000 oak 42,000 + 30,000 

2 2 


: ‘ 000 + 30,000 
respectively, and the extension must be, 24,000 Boor ee = 


during this extension, is 


. 42,000 + 30,000 
12=0'0533, and 24,000+ "+ 12==0'0555. 

The bar is stretched, in the first case, 0°64 inch ; in the second, 
0°666 inch, by the blow, if made of such iron as that of speci- 
mens I and 6. 

It should be remarked here, that although the diagrams 
obtained from the various materials tested give data from which 
to estimate their relative value in resisting shock, the absolute 
results of calculation, with no modification for varying rapidity 
of action, will be but approximate. 

This is a consequence of the facts that the inertia of the body 
struck will affect the result, and that the actual resistance varies 
with the velocity of rupture. A rod which will sustain safely the 
blow of a heavy body, would yield readily under a. blow of 
similar energy struck by a light weight moving with propor- 
tionally increased velocity. The mathematical investigation of 
this effect, which has not hitherto been noticed, remains to be 
given. It is only necessary to state here that a rod of uniform 
section, and homogeneous in structure, will be uniformly ex- 
tended by a force slowly applied. A blow received at one end 
will extend it most at the portion nearest that end, and the more 
rapid the blow the more is its effect concentrated. It is possible 
to produce actual fracture at one end by a very rapid blow, and 
for rupture to become complete before the shock is felt at the 
opposite end. This action is seen daily in every workshop 
where pieces are broken from heavy masses by the blow of a 
hammer. 

The effect of a blow depends, therefore, not only on the mag- 
nitude of that product of mass into height due its velocity which 
we call wis viva, but also upon the magnitude of the factors. 
It further follows that, of two materials having equal tenacity 
and equal ductility, that having the greatest density will be most 
liable to fracture by impact.* This information is confirmed by 
experience. 

In general a rod should be somewhat larger at the end 
receiving the shock, and this enlargement should be greater as 
the blow is more rapid. Conversely, blows of equal energy are 
most injurious when given by bodies of light weight moving at 
high speed. This difference is exaggerated by any cause which 
increases the density of the material. The variation of resist- 
ance with rapidity of rupture will be considered more at length 
hereafter. 

It is readily seen that we have here an explanation of the fact, 
that fracture produced by a quick blow is granular in character, 
while a steady pull brings out the “ fibrous” texture of iron. In 
the former case the action is concentrated upon a cross-section 
close to the point at which the blow is received ; in the latter 
instance inertia acts less effectively in resisting the transmission 
of the rupturing force to other portions of the piece, and the 
drawing-out process is permitted to take place. 

17. PECULIAR PROBLEMS sometimes present themselves in 
practice which cannot be solved by any published methods— 
why, it is difficult to say, but partly, it is probable, because of a 
deficiency of experimental data, and partly because known 
authorities have not been led by actual experience in engineering 
practice to perceive the importance of their applications. 

Of these the following is an example : 

To determine the effect of a succession of stresses, whether static 





1 See *‘ Engineer,” Nov. 8th, 1872. 

2 It is evident that diagrams accurately representing tests made with 
the common testing machine afford similar facilities for solving these 
problems. 

3 ¢* Mechanics’ Magazine,” Dec. 1871, p. 492. 
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or dynamic, each of which strains the material beyond the original 
or the acquired limit of elasticity. An illustration of this action is 
given by the repeated bending, stretching, or other form of dis- 
tortion by external force, of any material producing at each 
application a new set. The same case is illustrated by the 
gradual elongation of a rod by repeated blows, the energy of 
each of which exceeds the elastic resilience of the material. 

Determine the elastic resilience of the material existing pre- 
vious to the application of each stress, by taking the area com- 
prised between two lines drawn through that point on the curve 
of the material chosen, whose abscissa represents the existing 
extension, one of which lines is an ordinate and the other of 
which is parallel to the nearest “elasticity line.” This area 
represents the elastic resilience of the piece ; z.¢., a blow having 
an equivalent energy would leave the piece uninjured and without 
set. Deducting this amount from the energy of the given blow, 
the remainder of the work done by that blow is expended in 
producing set or extension, and may be determined as already 
described. 

The effect of a simple force may be determined by deducting 
from the total distortion produced by each application of that 
force, the elastic range of the material. 

It is thus readily ascertained, in either case, how much each 
application will add to the set, and how many applications will 
be required to produce rupture. 

It is here assumed that distortion within the elastic limit leaves 
the piece uninjured, however often it may be repeated. This 
assumption seems correct, a@ Priori, and is well sustained by the 
valuable researches of Wohler' and others.? 

The effect of repeated bending or other form of strain, can 
thus be inferred from an examination of the strain diagram of 
the material, obtaining from a single experiment a determination 
hitherto only obtained by a long and tedious process of repeated 
distortion. Such investigations of the “fatigue” of metals are 
often of great importance. 

18, THE EFFECT OF TIME ON METALS LEFT UNDER 
STRAIN.—The effect of stress is modified when metals are left 
under strain for considerable intervals of time. It had generally 
been supposed that this effect was to weaken the resistance 
whenever the material was left exposed to a strain exceeding 
the elastic limit. 

This idea seems sustained by the experiment of M. Vicat, 
made at Paris about forty years ago.° 

M. Vicat states that four wires were extended, respectively, 
by 4, 4, 4 and 3 their ultimate resistance, and their elongations 
were observed and recorded at intervals of one year. 

The relative extensions observed indicated a gradual lengthen- 
ing of the three which were strained beyond the elastic limit, 
and that most strained finally broke, after sustaining } its 
original ultimate breaking weight two years and nine months, 
the point of rupture being finally determined by the action of 
corrosion which had not been entirely prevented. 

The several extensions were as follows :— 


No. 1, sustaining 1, 33 months ° 0'000 per cent. 


No. 2, + a » ° ° . 0275 an 
No. 3, ” 2 ” . . . 0°409 ” 
No. 4; ” 4, ” > 7 ° 0613 ” 


The rate of extension was nearly proportional to the times, 
and the total extension to the forces. M. Vicat concludes that 
metal thus overstrained will ultimately break, and his paper has 
caused much uneasiness among members of the profession, as 
indicating a possibility of the ultimate failure of structures 
having originally an ample factor of safety. 

The elegant and valuable researches, also, of H. Tresca, on 
the flow of solids,‘ and the illustrations of this action almost 
daily noticed by every engineer, seem to lend confirmation to 
the supposition of Vicat. 

The experimental researches of Professor Joseph Henry, on 
the viscosity of materials, and which proved the possibility of 
the coexistence of strong cohesive forces with great fluidity,° 
long ago proved, also, the possibility of a behaviour in solids, 
under the action of great force, analogous to that noted in more 
fluid substances. 

On the other hand, the researches of the writer, as described 
in the first section of this paper, indicating, by the form of 
strain diagrams, that the progress of this flow was accompanied 
by increasing resistance, and the corroboratory evidence fur- 





! **Zeitschrift fur Bauwesen,” 1860; ‘‘ Festigkeitversuche mit Eisen 
und Stahl,” Berlin ; also ‘‘ Engineering,” 1871. 

? Fairbairn: ‘‘ Civil Engineer and Architects’ Journal,” vols. xxiii. 
xxiv. 
3 ** Annales de Chimie et de Physique,” 1834, tome liv. p. 35. 
4 «*Sur Ecoulement des Corps Solides,” Paris, 1869-72. 
5 «* Proc, Am. Phil. Society,” 1844. 





nished by all carefully-made experiments on tensile resistance, 
as those of King and Rodman, Kirkaldy and Styffe, made it 
appear extremely doubtful whether materials were really 
weakened by a continuance of any stress, not originally capable 
of producing incipient rupture. 

19. To determine this point, a series of experiments was 
made, the general result of which was first formally announced 
in a note to the American Society of Civil Engineers,’ in which 
the first experiment, commenced during the session of the 
National Academy of Science at the Stevens Institute of Tech- 
nology, was described, and in which the first deductions, since 
slightly modified by an extended investigation, were given. In 
Plate III., No. 16, is a facsimile of the strain diagram obtained 
at the first experiment. 

A piece of iron, of a good quality of metal, but badly worked, 
as shown in the sketch already given in Section 1, was placed 
in the machine and strained considerably beyond its elastic 
limit. It was then left twenty-four hours under the strain thus 
produced at A, Plate III. At the end of this period, the pencil 
was found precisely as it was left, and not the slightest evidence 
of yielding was noted. The slight depression observed in many 
examples to be given, is produced by a slight compression of 
the wood used in blocking the machine at the beginning of the 
interval. No evidence of flow was therefore obtained. 

Upon attempting to produce further change of form, however, 
the unexpected discovery was made that the test-piece had 
acquired an increased resisting power. The pencil, instead of 
following the general direction taken the day previous, rose, as 
seen in the diagram, until a resistance was indicated, exceeding 
by nearly thirty per cent. that shown before the specimen was 
left under strain. This resistance having been overcome, the 
piece yielded with a slightly decreasing resistance, and, after 
considerable additional distortion, was left at B twenty-four 
hours. The result of the second experiment is seen to be an 
increase of nearly 15 per cent., and a third trial at C gave a 
small, but still perceptible gain also. 

This singular phenomenon appeared so remarkable and so 
important that experiments were continued upon various grades 
of iron, and upon other metals, the greatest care being taken to 
avoid any possible source of error. Several strain diagrams are 
given illustrating some of these experiments. 

No. 10 represents that of a piece of good iron which is far 
more homogeneous and better worked than 16. 

No. 68 is a piece of “ Siemens-Martin steel” which was left 
under strain, at A, twenty-four hours, and at #8, an equal 
length of time. In the latter case, the applied force was wholly 
removed, at the end of twenty-four hours, before an attempt was 
made to produce further change of form. On renewing the strain 
the resistance is seen to have acquired an increased intensity 
very nearly absolutely equal to that shown at J, and relatively 
greater, a fact which will be found to aid in the determination 
of the real character of the phenomenon. A third experiment, 
at C, shows a repetition of this action, and a fourth, similar to 
that at 2, in all except time—for in the last experiment the time 
was but a fraction of an hour—gave a similar result. In each 
case it is noticeable that a slight fall from the maximum attained 
follows the yielding of the test-piece. 

No. 33, malleable cast iron, No. 52, double shear steel, and 
No. 81, tool steel, all exhibit this same stiffening under pro- 
longed strain. 

No. 17, “ homogeneous chrome iron,” was subjected to experi- 
ment four times. At A, the effect is very marked, and the 
resistance to further change of shape continues to increase 
slowly until left at B for a second trial. The maximum attained 
at ZB is not sustained, as further distortion occurs, and, after a 
“— decrease, the specimen was again left, the pencil resting 
at Cc. 

Next day, the increase of resistance was found less con- 
siderable than at the previous experiment, and the line, after 
passing a maximum a few degrees beyond, falls quite rapidly. 
Fearing that the metal was about to rupture completely, it was 
left once more at D, another day, after which time its behaviour 
was similar to that on earlier trials. It fully regains the maximum 
power of resistance noted after the trial at C, and, before rup- 
ture, it even slightly exceeds it. 

The hardest material experimented upon was the very hard 
chrome steel, No. 21. Left at A three days, the resistance at 
that degree of distortion was increased about 8 per cent., 
and, again at B, four days under strain gave a rise of nearly 4 
per cent., after which a considerable rise occurred, in the ordinary 
manner, before rupture took place. 

An interesting experiment was made with the best Swedish 
iron, a metal of such wonderful purity and ductility that one 





! Vide ‘Trans. Am. Soc. C. E.” Nov. 1873; ‘* Journal Franklin In- 
stitute,” March, 1874. 






































216 THE PRACTICAL MAGAZINE. 





specimen, of standard size, was twisted nearly 600° before com- 
pletely breaking off. 

No. 101, Plate III., is the strain diagram of the specimen 
tested for the purpose of determining the effect of continued 
stress. Here, as seems frequently the case, a loss of ductility 
apparently accompanies the increase of resistance, and the total 
resilience appears to be comparatively slightly altered. 

This specimen was strained until the limit of elasticity was 
just passed, and was then left at 4 one day. The result, with 
even this slight distortion of but six degrees, producing an 
extension of a very minute amount, is similar to that before 
noticed, and the behaviour here exhibited probably gives a clue 
to the causes of this peculiar action. After this trial several 
others were made, and the metal is seen to have behaved in a 
manner precisely similar to the other grades of iron. 

20. Reviewing allof the large number of experiments made since 
the discovery of this effect of continued strain, carefully com- 
paring the curves obtained with each other, and with the dia- 
grams obtained in the ordinary way, and, finally, making a 
comparison of the conclusions drawn from this research, with 
the results of the experimental work of other investigators, the 
writer has been led to the following, as the most probable expla- 
nation of this singular molecular phenomenon. 

These strain diagrams are the /océ of the successive limits of 
elasticity of metal, at successive positions of set. 

The phenomenon here discovered is an elevation of the limit of 
elasticity by a continued strain. The cause ts probably a gradual 
release of internal strain, occurring in a somewhat similar man- 
ner to that observed previously in cast iron in large masses, and, 
less frequently, and generally in a less marked degree, in wrought 
iron and other metals, which have been worked in large pieces, 
and in which such strain has been more or less reduced by a 
period of rest." 

This loss of strength in large masses of wrought iron is stated, 
by Mallet, to amount frequently to one half.’ 


SECTION III. 


21. The manner in which this reduction of internal strain 
occurs, by continued stress at the limit of elasticity, as here 
observed, may be readily conceived. 

When the metal is thus strained, many sets of molecules are 
placed in positions in which they exert a maximum effect tending 
to produce molecular changes which may equalize the originally 
irregular distribution of inter-molecular stresses. After a time, 
the change actually takes place by “flow,” and the resisting 
power of the piece becomes increased, and its limit of elasticity 
raised, simply because its forces are now no longer divided, and 
may act together in resisting external forces. The diagram 
itself exhibits the best evidence of the occurrence of flow, but 
it is also shown by an inspection of the broken specimen, as in 
figs. 6, 7, and 11, of Sect. I. 

It was at first suspected that an action had been detected in 
this phenomenon, similar to that by which the “ portative force” 
of a magnet is increased by loading its keeper more and more 
heavily until it becomes “ supersaturated.” It is not impossible, 
perhaps not improbable, that the two cases are similar, in some 
respects, this behaviour of the cohesive force in the present 
example, aiding to produce the extraordinary increase of resisting 
power here observed. 

A comparison of the ductility registered by samples variously 
treated lends some confirmation to the supposition, formerly 
expressed, that, in all cases, the resilience does not increase in 
the same proportion as the increase of mean resistance, as a 
consequence of sustained stress, and this, if a fact, may possibly 
be considered as corroborating the idea just suggested.* 





1 Compare “Iron,” Stability of Iron Structures, Feb. 1874. 

2 On the co-efficients of elasticity and rupture in wrought iron in re- 
lation to the volume of the mass, its metallurgic treatment and the axial 
direction of the constituent crystals. Proc. Inst. C. £. 

3 Since the above was written, the ‘‘ Journal of the Franklin Institute” 
has, in the issue for March, 1874, given an account of experiments made 
by Commander Beardslee, U.S.N., during which metal strained be- 
yond the elastic limit by tension, exhibited a gain of resistance at a 
position of earliest set, z. ¢., an elevation of the elastic limit, from 23,075, 
to 26,100 lbs. per square inch, 13°1 per cent., in seventeen hours. The 
material was bloom iron turned approximately to one-half square inch 
section. 

A very important fact noted by the experimenter is that an apparent 
positive action was observed in the metal under strain by which the 
scale beam was actually thrown up by a force measuring 125 lbs. If 
this observation is not erroneous, or, if the action was not due to some 
accidental circumstance, we may have here a measure of the émtensifying 
effect above described. 

Commander Beardslee has communicated to the writer the experi- 
mental confirmation of the fact, deducible from the explanation here 
given, that this release of internal strain occurs to a nearly equal extent 





The discovery of this elevation of the elastic limit in all metals 
examined is also probably confirmatory of this idea. 

If the explanation, just offered, of the apparent strengthening 
action of prolonged stress is correct, the conclusions of Vicat are 
not overthrown, although evidently not fully justified by his own 
experiments, and although the intervening forty years of engi- 
neering practice have not produced evidence which may be con- 
sidered as confirmatory of them. 

The same molecular movement, or flow, which rearranges the 
internal forces and relieves internal strain, may be a phase of 
that viscosity which Vicat supposed might in time permit rup- 
ture of metal subjected to stress nearly approaching its original 
ultimate resistance, the one action being a more immediate 
result than the other, and the latter producing its effect, even 
when cohesive force may have been actually intensified. 

Should this prove to be the fact, it would seem allowable to 
conclude that the forces of polarity and cohesion are not iden- 
tical, The cause of the apparent increase of strength of iron, 
with increase of temperature, is seen to be explained by this 
relief of internal strain, which occurs most readily at high tem- 
peratures. 

The experiments of the writer have not indicated the possi- 
bility of continued flow, and consequently of ultimate rupture, 
except under stress, increasing in intensity up to the full maxi- 
mum resistance of the material.' They do not, therefore, con- 
firm Vicat’s deductions, and the inference would seem, on the 
contrary, to be—that structures of metal do not become weakened 
with age, except as injury occurs by corrosion or by overload- 
ing. The experiments of Roebling? and his opinion, as ex- 
pressed in his report on the Niagara Suspension Bridge, are 
apparently correct. 

Kirkaldy, also, concludes that the additional time occupied in 
testing certain specimens of which he determined the elonga- 
tion “had no injurious effect in lessening the amount of break- 
ing strain.”* An examination of his tables shows those bars 
which were longest under strain to have had highest average 
resistance. 

22. Wertheim supposed that greater resistance was offered to 
rapidly than to slowly produced rupture; Kirkaldy concludes 
that the contrary is the case. Redtenbacher* and Weisbach® 
assume the law of resistance to be the same beyond the limit of 
elasticity as within it, and deduce formulas for resistance to 
shock which are widely inaccurate. 

The experiments of the writer prove that, as had already been 
indicated by Kirkaldy (whose results, however, had been looked 
on by many of the profession with some suspicion), a lower 
resistance is offered as the stress is more rapidly applied. This 
conspires with vzs viva to produce rupture. 

This is seen at w, No. 101, Plate III., where a sudden increase 
of velocity produced a depression of the line, at the angle 110°, 
and it is exhibited in a much more marked degree in No. 118. 

In the latter example, the strain was gradually applied until 
the point a was reached, when, with a suddenly applied force, a 
motion estimated at about one-tenth of a foot per second, was 
obtained, and, immediately at 4, the resistance fell off very con- 
siderably, the pencil dropping to c. Again resuming the slowest 
movement, about one-hundredth of a foot or less per second, 
resistance rose again to @. A repetition of the rapid movement 
between d@ and 4’, was followed by a loss of resistance again 
from 0’ to c’, and, as is seen by the diagram, this occurred when- 
ever the experiment was repeated. At.4, distortion by a very 
slow movement was resumed, and continued until the speci- 
men broke. Here we have, probably, the first direct determi- 





if the strained piece is simply laid aside for a similar interval after it has 
been given a set :— 

NoTeE.—In further confirmation of the increase of resistance to strain, 
caused by permitting a metal to rest after the first application, I offer 
the following, taken at random from my test book: One link Pembroke 
iron made into form for service, I 13-16, pulled first time to 185,000 Ibs., 
when it broke the proving chain ; the next day it was pulled again until 
broken, standing the extraordinary strain of 262,200 lbs., other links 
from same bar having broken very uniformly at about 240,000 Ibs. 

From uniform bars of 1} inch chain iron (Pembroke), a number were 
left unbroken, after a day’s testing, having broken shackles, end links, 
&c., at from 90 to 100,000 lbs. Of the links which were broken the first 
day none went over 100,000 lbs. The next day the unbroken ones were 
submitted to pulls until broken, and now went under 100,000, and then 
ran up to 102, 106, 108, and in one link, on the sixth pull, to 114,200 lbs. 

L. A. BEARDSLEE. 

1 Compare Kirkaldy—‘‘ Experiments on Wrought Iron and Steel,’ 
pp- 62-69; also see the plates given by Styffe, exhibiting curves for 
tension. 

‘Journal Franklin Institute,” 1860; vol. xl. p. 360. 

‘* Experiments on Wrought Iron and Steel,” pp. 62, 83. 
** Der Maschinenbau,” vol. i. 

‘* Mechanics of Engineering,” &c. 
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nation of this question, in which the effect of vis viva does 
not appear. 

We may, therefore, conclude that the rapidity of action, in 
cases of shock, and where materials sustain live loads, is a very 
important element in the determination of their resisting power, 
not only for the reason given already in paragraph 3. of this 
section, but because the more rapidly the metal is ruptured, the 
less ts tts resistance to rupture. ‘This loss of resistance is about 
15 per cent.' in No. 118. 

The cause of this action we may presume to bear a close 
relation to that operating to produce the opposite phenomenon 
of the elevation of the elastic limit by prolonged stress, and it 
may probably be simply another illustration of the effect of 
internal strain. 

With a very slow distortion, the “flow” already described 
occurs, and but a small amount of internal strain may be pro- 
duced, since, by the action noticed when left at rest, this strain 
relieves itself as rapidly as produced. A more rapid distortion 
produces internal strain more rapidly than relief can take place, 
and the more quickly it occurs, the less thoroughly can it be 
relieved, and the more is the total resistance of the piece reduced. 
Evidence confirmatory of this explanation is found in the fact 
that bodies most homogeneous as to strain exhibited the least 
of these effects. 

It does not seem impossible that, at extremely high velocities, 
the most ductile substances may exhibit similar behaviour, when 
fractured by shock, or by a suddenly applied force, to substances 
which are really comparatively brittle. 

In the production of this effect, which has been frequently 
observed in the fracture of iron, although the cause has not been 
recognized, the inertia of the mass attacked and the actual de- 
preciation of resisting power just observed, conspire to produce 
results which would seem quite inexplicable, except for the 
evidently great concentration of energy here referred to, which, 
in consequence of this conspiring of inertia and reduced resist- 
ance, brings the total effort upon a comparatively limited 
portion of the material, producing the short fracture with its 
granular surfaces, which is the well-known characteristic of 
sudden rupture. 

Any cause acting to produce increased density, as reduction 
of temperature, evidently must intensify this action of suddenly 
applied stress. 

The liability of machinery and structures to injury by shock 
is thus greatly increased, and it is quite uncertain what is the 
proper factor of safety to adopt in cases in which the shocks are 
rapidly produced. This uncertainty must remain until further 
experiment shall be made the basis of a correct mathematical 
expression of the natural laws involved in the problem. 

Meantime the precautions to be taken by the engineer are : 
To prevent the occurrence of shock as far as possible, and to use 
in parts exposed to shock, light and elastic members, composed 
of the most ductile materials available, giving them such forms 
as shall distribute the distortion as uniformly and as widely as 
possible. 

23. The behaviour of materials subjected to sudden ‘strain is 
thus seen to be so considerably modified by both internal and 
external conditions, which are themselves variable in character, 
that it may still prove quite difficult to obtain mathematical ex- 
emer for the laws governing them. It is not improbable, 

owever, that an approximation, of sufficient accuracy for all 
cases which frequently arise in practice, may be obtained by a 
study and comparison of experimental results obtained, as above, 
by the method here adopted, and one which seems peculiarly 
adapted to the work. 

A carefully conducted series of experiments giving quantita- 
tive results would be of great value. Without such a research 
no reliable knowledge can be obtained of the law of depreciation, 
and no useful formulas can be devised for use in calculation. 
The experiments made by the writer are not yet sufficiently 
numerous or precise to serve as data from which to deduce 
equations. 

24. THE ELASTICITY OF THE METALS.—The examination 
of the “ elasticity line” will be found to present some facts of 
interest. 

It will be seen that, in every case, the line produced by the 
descent of the pencil is not precisely coincident with that formed 
by its rise. This is not due to the friction of the machine, as 
that would not cause the decided difference observable in the 
form of the curve. It may be partly due to the fact that the set 
produced is partly temporary.' 

An attempt was made to determine its law by the following 
method ; 





1 Compare Kirkaldy, p. 83, where experiments which are possibly 
affected by the action of vis viva indicate a very similar effect. 
? Morin, ‘‘ Résistance des Matériaux,” p. 10. 





A steam gauge having a recording apparatus, in which the 
paper was moved horizontally, at a uniform rate, by a well-con- 
structed clock, was kindly furnished by the Messrs. Edson, of 
the New York Recording Gauge Co. 

This was set up by the side of the machine, upon a stand on 
which could be clamped the test piece. The latter carried a 
light, long pencil holder, so arranged as to traverse the paper in 
a direction at right angles to that of the motion given it by the 
clock. An angular motion in the specimen of 0.05° would be 
readily observed. The specimen was given a degree of torsion 
of from 10° to 360°, in different cases, and was then rapidly 
transferred to the stand, where the restoration of form would 
record itself upon the moving paper, forming a curve of which 
the ordinates would represent the restoration of form, and the 
abscissas would be proportional to the time. 

In all cases observed, the restoration of form, by loss of tem- 
porary set, was so rapid as to have become completed before the 
specimen could be placed in the recording apparatus, and the 
record made a straight line invariably. 

The conclusion which has finally been deduced from a study 
of the diagrams obtained is, that the peculiar feature here 
alluded to is a consequence of an internal molecular friction, 
the existence of which has already been long suspected by the 
writer, and probably by many other experimenters. 

An illustration of a similar action probably occurs in the 
behaviour of iron under magnetic action. Magnetization pro- 
duced in bars of various qualities of iron and steel during 
important researches of Dr. Joule’ and Prof. Tyndall,* proved 
this behaviour to be common to all, when the change of form 
was produced, within a very minute range even, by magnetic 
force. Dr. Mayer has more recently*® examined this peculiar 
form of molecular action with great skill and thoroughness. Its 
existence is undoubtedly well proven, and the lines,above referred 
to, on the strain-diagrams, seem to exhibit its effect very clearly. 
| tn mg the rise from fto g, No. 118, Plate III., is due to such 
riction. 

25. The evident proof found, in the parallelism of all elasticity 
lines in each diagram, of the fact, first noted by some of the 
earliest experimenters in this field, that elasticity remains quite 
unimpaired up to the point at which rupture commences, has 
been already adverted to. 

Coulomb describes a series of curious and instructive experi- 
ments which may assist in determining the molecular action 
occurring in these instances where great distortion and great 
permanent displacement of particles takes place without loss of 
elasticity.* 

He found this to occur, not only with metal wires, but with 
threads of fine clay, one-twelfth of an inch in diameter and 11 
feet long, which could be twisted 51 turns repeatedly without set 
and without apparent loss of elasticity. Turning the thread 
through a wider range of torsion, it always returned but 54 revo- 
lutions, and in each new position of set exhibited the same elas- 
ticity as before. 

The explanation of this action, as illustrated by the strain dia- 
grams of Plates II. and III., and by Coulomb’s experiments, is 
probably also to be found in the phenomenon of flow of solids. 
The restoration of cohesion, in bodies actually separated, exhibits 
the extent to which this action may proceed. Two freshly cut 
surfaces of lead when brought together with a moderate pressure 
cohere firmly ; and plates of glass, laid one upon another, some- 
times “ seize” each other so firmly that they are cut and worked 
as one piece.’ The welding of iron is another and a very familiar 
illustration of the same action. Cohesion may, therefore, be 
actually destroyed and renewed, and molecules may move among 
each other, changing completely their relative positions, without 
loss of either strength or elasticity. 

The results of these experiments on metal are important, as 
exhibiting the error of the opinion hitherto entertained by many 
physicists and engineers, among whom was the writer,® that 
straining metal might weaken it, even when rupture did not 
commence, and even where no condition of internal strain was 
induced. It has been here shown that elasticity remains un- 
impaired, and resistance continually increases up to the point at 
which incipient fracture takes place. No well-proven exception 
to this law has been observed. : 

26. While comparing the inclination of the elasticity lines with 





! « Philosophical Magazine,” 1874. 

? ** Researches on Diamagnetism,” &c., 1870. 

8 “* Effects of Magnetism in changing dimensions of iron and steel 
bars,” by A. M. Mayer, Ph.D.; Stevens Institute of Technology, 1872. 
‘* American Journal of Science and Arts,” 1873. , 

* “Tecture Notes on Physics,” Mayer; ‘‘Journal Franklin Insti- 
tute,” 1868. 

5 Miller, ‘‘ Chemical Physics,” p. 67 

® ‘Journal Franklin Institute.” 
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the initial line, to determine the pressure and the amount of 
internal strain, it has been noticed that more or less strain seems 
almost invariably to exist, but that the amount, as indicated by 
the difference in inclination of the two lines, is not always as 
well shown by the greater or less curvature of the initial portion 
of the diagram. The probable reason would seem to be that this 
strain is not always uniformly distributed. Were the strain con- 
siderable and uniformly distributed, the initial line would be 
strongly convex toward the base line, and would have the para- 
bolic form. Absence of strain is indicated by a straight line 
rising regularly to the elastic limit, or, in many cases, where the 
elastic limit is very low, and when the material is inelastic and 
flows without tendency to recoil, concave toward the base, and 

arabolic. Irregularly distributed strain would modify the para- 
Polic curve, and the amount of strain would determine the total 
curvature. 

The initial and elasticity lines have, therefore, great interest 
as revealing important and otherwise unrecognizable properties 
of the material. 

It has been remarked that the difference of inclination just 
referred to proves the truth of the assertion of Hodgkinson that 
every load produces a set. It can now be readily seen why this 
should usually be the fact, and also that, although it is true, it 
does not necessarily indicate injury of the material. 

Since, in its ordinary state, many sets of particles are usually 
in a condition of maximum strain, the slightest application of 
external force to the piece will destroy the existing equilibrium 
among these conflicting forces within the mass, producing a 
change of form, and either rupturing or producing a flow of 
those particles which are most strained, and thus causing a new 
condition of equilibrium, the piece returning only approximately 
to the original form when relieved. The greater or less the 


applied force, the greater or less the number of displaced par- | 


ticles, but it is only when the set becomes nearly proportional to 
the distortion that it assumes the character in which it is looked 
upon as a serious effect. 

With perfectly homogeneous materials, free from internal 
strain, no such action would be noticed, and the earliest set 
would occur beyond the elastic limit, which limit is here con- 
sidered to be attained when the set becomes proportional to the 
distortion. 

27. The very minute range of distortion within the elastic 
limit is shown by the strain-diagrams very beautifully. This 
point is usually reached with the first 5° of torsion, and where 
internal strain has been eliminated it is frequently found within 
2°, the corresponding extension being much less than ‘ooor. 

Captain Rodman, who has made the most delicate determi- 
nation yet published,’ detects a set of o'000,001,4 after an 
extension of 0'000,27 in a specimen of cast-iron, and the elastic 
limit, as here defined, is reached after an elongation of about 
0'0003, the point not being, however, very accurately determin- 
able on account of the insensible change of rate, as already 
observed, in the strain-diagrams of cast-iron. 

The immense magnification on the strain-diagrams, obtained 
with the torsion machine, of the elongation at the commence- 
ment of the curve, enables the behaviour of the materials within 
this minute, yet most important, portion of the entire range to 
be perfectly represented, and permits its examination in a most 
satisfactory manner. 

28. THE INFLUENCE OF VARIATIONS OF TEMPERATURE.— 
The effect upon the mechanical properties of metal of variations 
of temperature has long been a subject of debate, and one which 
has not even yet been satisfactorily settled by experiment. 

A priori it would appear that, in a perfectly homogeneous 
material, entirely free from internal strain, change of tempera- 
ture would produce an alteration of strength and of ductility 
which would both be the reverse, in direction, of the variation 
of temperature. 

The forces acting to produce mechanical changes being, pro- 
bably, cohesive force, on the one hand, resisting external forces 
tending to produce distortion or rupture, while the force pro- 
duced by the energy of heat-motion conspires with external 
force to produce that distortion, and the molecules being, at 
every instant in equilibrium between the force of cohesion on 
the one side, and the sum of the other two forces mentioned, 
on the other, variations of form must ensue with every change 
in the relative magnitudes of these forces. A change of tempe- 
rature produced by an increment of heat energy, it would appear, 
must produce a reduction of cohesion by separation of particles, 
and the opposite change must cause an increase of cohesion by 
their approximation. Increase of temperature, by reducing the 
range of action of cohesion by separating particles, and causing 
them to approach the limit of reach of cohesive force, would 
reduce ductility, and the opposite change of temperature would 











| increase extensibility. The effect on resilience, the product of 
| ductility and strength, would evidently be still more marked 
| than the variation of its factors. 

The peculiar behaviour of zinc, and the often observed brittle- 

ness of iron, at low temperatures, have given cause for doubting 
| the truth of the above statement, and until the phenomena 
| accompanying variations in homogeneousness of structure and 
composition, and the introduction or removal of internal strain, 
have been very thoroughly investigated, it cannot be anticipated 
that the subject will become well understood. The character of 
polarity, that force of which the presence constitutes the distin- 
guishing difference between solids and liquids, remains to be 
determined, and its determination may be expected to throw 
important light upon this subject. 
- Experiments of both physicists and engineers have failed, up 
to the present time, to give as much, and as precise information 
as is needed to determine satisfactorily what rules should govern 
the proportions of structures, whether carrying dead loads or 
subjected to shocks or blows, at any given temperature below 
the usual range, or even at the low temperatures to be met 
during every winter in the latitude of New York. 

In a paper recently published’ on “ Molecular Changes pro- 
duced by Variations of Temperature,” the writer gave the results 
of a careful investigation of the experimental work previously 
done, by both philosophers and engineers, in researches bearing 
upon this important question. 

_ 29. The conclusions, as there reached, were the follow- 
ing :— 

(1.) That the number and the nature of those molecular forces 
which determine the physical condition of matter are not yet 
fully ascertained, but that these forces manifest themselves in, at 
| least, three distinct modes of action, and, as thus exhibited, they 
are known as repulsion, cohesion, and polarity. 
| (2.) That the force of repulsion is, apparently, heat, motion, or 
| some closely-related phase of energy. That the force of cohesion 
| bears some resemblance to that of gravitation, but seems not to be 
identical with the latter, and that the force of molecular polarity, 
which determines the molecular relations of position, seems to 
bear some distant relation to that of magnetic polarity. 

(3.) That the law which governs the variations in intensity of 
these forces with changes of intermolecular distances is unde- 
termined, and that it has not been expressed by any mathema- 
tical formula, except approximately and for a limited range. 

(4.) That the magnitudes of the intermolecular spaces, and 
consequently, the volume ofany mass, are variable with changes 
in the relative magnitudes of the forces of cohesion and repul- 
sion. 
| (5.) That the resistance offered to change of form is determined 

by the relations in intensity of the forces of polarity and those 
| forces which determine intermolecular distances. 

(6.) That, at the “absolute zero” (—461°2° Fahr.), cohesion, 
and consequently the strength of the material, has probably 
its maximum value, heat-energy having disappeared. 

(7.) That, at very high temperatures, heat-energy exerts a 
| separating force upon particles, which entirely overcomes the 

other forces, and matter, assuming the gaseous state, requires 
| the action of extraneous forces to preserve its volume unchanged. 
|  (8.) That, at intermediate points, matter, in either the solid 
| or the liquid states, exhibits a definite degree of separation of 
| 








molecules which is determined by the intensity of the repulsion 
due to heat-motion, a position of equilibrium being assumed, 
which, with the same substance, is invariable for the same tem- 
perature. The application of some kind of force is required to 
disturb this equilibrium and to produce change of volume. The 
| amount of this force is determined, for any given extent of 
disturbance, by the maximum value of cohesion for the sub- 
stance and the quantity of heat which has been required to raise 
it from the absolute zero of temperature. 

The sum of the applied force, and the force consequent upon 
the presence of heat-motion, must exceed cohesive force to pro- 
duce dilatation, while this cohesive force, added to externally 
applied force, must exceed the force of repulsion to produce 
diminution of volume. 

(9.) That the distinction between the solid and liquid states of 
matter seems due to the action, in the former, of the force of 
polarity, which gives stability of form, while in the latter, this 
force is extremely feeble, disappearing altogether when the 
boundary line between the liquid and gaseous states is reached. 

That combined stability and elasticity of volume may be pro- 
duced by the equilibrium of attractive and repulsive forces, but 
that stability and elasticity of form demand the co-existence of 
cohesion and polarity. 

(10.) That the general effect of increase or decrease of tempe- 
rature is, with solid bodies, to decrease or increase their power 





1 “¢ Experiments on Metals for Cannon, ”’&c. Rodman, pp. 157-167. 





1 «*The Practical Magazine,” vol. iv. No. 19, p. 78 












































of resistance to rupture, or to change of form, and their capability 
of sustaining “ dead” loads. 

(11.) That the general effect of change of temperature is to 
produce change of ductility, and, consequently, change of resi- 
lience, or power of resisting shocks and of carrying “ live loads.” 
This change is usually opposite in direction and greater in de- 
gree than the variation simultaneously occurring in tenacity. 

(12.) That marked exceptions to this general law have been 
noted, but that it seems invariably the fact that, wherever an 
exception is observed in the influence upon tenacity, an exception 
may also be detected in the effect upon resilience. Causes which 
produce increase of strength seem also to produce a simultaneous 
decrease of ductility, and vice versé. 

(13.) That experiments upon copper, so far as they have been 
carried, indicate that (as to tenacity) the general law holds 
good with that metal. 

(14.) That iron exhibits marked deviations from the law be- 
tween ordinary temperatures and a point somewhere between 500° 
and 600° Fahr., the strength increasing between these limits to the 
extent of about 15 per cent. with good iron. The variation be- 
comes more marked and the results more irregular as the metal 
is more impure. 

(15.) Thatabove 600° Fahr. and below 70°, the general law holds 
good for iron, its tenacity increasing with diminishing tempera- 
ture below the latter point, at the rate of from o’02 to 0°03 per 
cent. for each degree Fahrenheit, while its resilience decreases 
in a higher but not well-determined ratio for good iron, and to 
the extent of reduction to one-third its ordinary value, or less, 
at 10° Fahr. when cold-short, and, in the latter case, the set may 
be less than one-fourth that noted at a temperature of 84° Fahr. 

(16.) That the viscosity, ductility and resilience of metals are 
determined by identical conditions, and that the fracture of iron 
at low temperatures, has accordingly been found to be cha- 
racteristic of a brittle material, while at the higher temperatures, 
it exhibits the appearance peculiar to ductile and somewhat 
viscous substances. The metal breaks in the first case, with 
slight permanent set and a short granular fracture, and in the 
latter with frequently a considerable set and a form of fracture 
indicating great ductility. The variation in the behaviour of 
iron, as it approaches a welding heat, illustrates the latter con- 
dition in the most complete manner. 

(17.) That the precise action of the elements with which iron is 
liable to be contaminated, and the extent to which they modify 
its behaviour under varying temperature, remain to be fully 
investigated, but that the presence of phosphorus, and of other 
substances producing “ cold shortness,” exaggerates to a great 
degree the effects of low temperature in producing loss of 
toughness and resilience. 

(18.) That the modifications of the general law with other 
metals than iron and copper, and in the case of alloys, have not 
been studied, and are entirely unknown. 

(19.) That these conclusions are sustained by experiments of 
both physicists and engineers. 

“The practical result of the whole investigation is that iron 
and copper, and probably other metals, do not lose their power 
of sustaining ‘ dead’ loads at low temperatures, but that they do 
lose to a very serious extent their power of sustaining shocks or 
of resisting sharp blows, and that the factors of safety in struc- 
tures need not to be increased in the former case, where 
exposure to severe cold is apprehended, but that machinery, 
rails, and other constructions which are to resist shocks, should 
have larger factors of safety, and should be most carefully pro- 
tected, if possible, from extreme temperatures.” 

30. The conclusions above given were deduced from the 
physical investigations of Boscovich, Coulomb, Henry, Powell, 
Cagniard de la Tour, Andrews, Faraday, Wartmann, Robinson, 
Gaudin, Thompson, Rankine, and others, and from the more 
purely technical researches of Professors Johnson and Norton, 
Fairbairn, Kirkaldy, Brockbank, Joule, Spence, Styffe, and 
Sandberg. 

An apparent discrepancy of results from which some experi- 
ments seemed to indicate weakness, and others strength of 
metals as a consequence of reduced temperature, was explained 
by the fact that those which seemed to prove the first conclu- 
sion were cases in which the metal was tested by blows, and 
those proving the reverse were tests made by steady strain. The 
deduction (11), made above, that the result of change of tem- 
perature, by producing changes of ductility, which were the 
reverse of those produced in tenacity, and that the same bar 
might thus exhibit a higher resistance to static stress while less 
capable of resisting shock, explained the seeming contradiction. 

31. It was evident that, to determine satisfactorily the real 
effect of changes of temperature, it was necessary to obtain a 
series of experimental determinations of the simultaneous action 
of such variations upon both strength and resilience. Such ex- 
periments could readily be made by the method here pursued, 
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and a considerable number of observations are represented by 
strain-diagrams on Plate ITI. 

In these experiments, the machine and the test pieces were 
placed in the open air, where, changing in temperature with the 
atmospheric changes, no error could arise by transfer of heat 
during the experiments. The machine and specimens submitted 
to test were always of the same temperature.’ 

The mildness of the past winter has precluded the determi- 
nation of the behaviour of iron at temperatures very far below 
the freezing point, the lowest reached being 10° Fahr. 

This is the more to be regretted since, as will be seen, there 
exists a possible change of law near the Fahrenheit zero, and it 
is extremely important to ascertain whether this indication of 
an anomaly arises from irregularity in the quality of specimens, 
nominally of the same grade, or whether it is a real variation of 
the effect of change of temperature. 

As no previously made experiments combine, in the manner 
here presented, the various effects of heat upon the mechanical 
properties of the metals, the results obtained are given as a 
beginning, and the conclusions which are deduced from them 
are given as merely probable, while it is to be hoped that other 
members of the profession, who may be so situated that they can 
readily continue the work at points in the north and north-west 
where a temperature far below zero is reached, will make more 
complete and instructive researches during succeeding winters. 

It is apparently quite impossible to avoid error if the attempt 
is made to experiment with specimens cooled down by freezing 
mixtures, and the writer would only feel justified in presenting 
the results of out-of-door work. 

32. Referring to Plate III. the strain-diagrams of the best, 
and of medium tool-steel, of German and double shear, of the 
several grades of iron and of copper and bronze are given, for 
temperatures from 70° down to 10° Fahr. A diagram is also 
given in which the horizontal scale of the plate is taken to repre- 
sent absolute temperatures on a one-fourth scale, and at ordi- 
nates representing respectively 10°, 18°, 25° and 70°, the resist- 
ances of the several specimens are laid off, and dotted lines 
connecting them indicate the rate of variation of strength with 
temperature. : 

It will be seen that, with the single exception of a scrap gray 
cast iron, presumably unusually impure (Nos. 25, 26), the effect 
seems invariably to have been a simultaneous increase of both 
strength and ductility with decrease of temperature to 18° and 
usually to 10° from 70° Fahr. In the case of the cast-iron, 
the increase of tenacity and reduction of ductility at the lower 
temperature are equally well exhibited, and the result is a slight 
decrease of resilience. 

It will be noticed that the general trend of the lines in the 
diagram prepared for comparison of results, is very evidently 
towards a point on the scale (250°), corresponding to a tempera- 
ture of 1000° above the absolute zero, at which point, were the 
diminutions proportioned to temperature, the metals would lose 
all cohesion. Since, however, the law as determined approxi- 
mately by the committee of the Franklin Institute, is expressed 
by a parabolic equation, the fact that their melting points are 
nearer 3000° or perhaps 4000° Fahr. above the absolute zero, 
does not conflict with the results of experiment. 

33. Comparing the several specimens of “ good cast-steel,” it 
is found that the four (Nos. 46, 47, 49, 50), whose strain-diagrams 
are given, evidently differ nearly as much in their individual 
properties as in their alteration by temperature. The two pieces 
tested at 70° Fahr. give a mean of strength, ductility, and 
resilience, which is less than either of the other specimens. The 
strongest piece was broken at 18°, while that tested at 10° is very 
nearly its equal in that respect, and is more than Io per cent. 
better in extensibility and nearly 10 per cent. superior in resi- 
lience. The difference between the specimens tried at 10° and 
70° (average of the two) is about 15 per cent. in ductility and 
resilience, and rather more than 5 per cent. in tenacity. The 
piece tested at 10° has a limit of elasticity exceeding that of the 
specimens tested at 70° in about the same proportion. 

The double shear steels are irregular, as would be expected 
from their method of production, but the greatest ductility is 
shown by the specimen tested at 25° Fahr.,and the greatest 
tenacity by that broken at 25° also. The weakest is that tested 
at 70°, its loss of strength, ductility, and resilience being very 
striking. The position of the elastic limit varied with that of 
the ultimate strength. “ German” (English) steel exhibits great- 
est strength at 18° (No. 60), greatest ductility at 70° (No. 58), and 
greatest resilience at 25° (No. 25). 

“ Medium crucible” steel seems strongest at 18° Fahr., most 
ductile and equally resilient at 25°, and weakest, least ductile, 
and least resilient at 70°. Nos. 78, 54, 70 are their strain-diagrams. 

Swedish irons (No. 99 and 100) were tried at 25° and 70°, and 
the result is again that the greatest resistance and greatest ex- 
tensibility occur at the lowest temperature, the difference here 
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amounting to something less than 10 per cent. at the elastic limit 
and about one-half as much at the maximum. 

A piece of common iron was selected by the blacksmith from 
his stock as “the worst specimen of cold-short iron in the shop.” 
The two specimens, Nos. 130 and 132, were taken from the bar 
and tested at 10° and 70° Fahr. respectively, with a result which 
is unexpectedly similar to those already given in the variation 
of ultimate strength, ductility and resilience. The increase of 
strength at the lower temperature is apparently nearly 15 per 
cent., the increase of ductility about the same, and the increase 
of resilience 30 per cent. At the elastic limit this is reversed, 
however, the specimen tested at 70° showing the highest elastic 
resistance. That broken at 10° exhibits a very considerable 
amount of internal strain, to the presence of which may be attri- 
buted the exceptional behaviour of these pieces. A similar 
difference, but opposite in direction and in less amount, is notice- 
able in the Swedish irons, Nos. 99 and 100. 

Copper, Nos. 133 and 134, and bronze, Nos. 137, 138, both 
show a considerably greater strength at 10° than at 70° and a 
slightly improved ductility. The increase of tenacity and resi- 
lience amounts to 20 per cent. and 30 per cent. respectively, the 
ratio being slightly greater at the limit of elasticity. 

Cast-iron exhibits the most striking increase of tenacity, the 
ratio of increase being above 30 per cent. and in ductility having 
a mean value of 50 per cent. One specimen, No. 25 C, has a 
serious defect of internal strain, but eliminating that by cutting 
off the sharply curved lower portion of the line, it would coincide 
very exactly with the companion specimen, No. 25 D, broken at 
the same temperature, 25°. 

34. It would seem, after a study of these experiments and after 
a comparison with those described by other experimenters, that, 
although a considerable irregularity, due to differences in mate- 
rial nominally of identical character, tends to obscure them, 
we may feel some confidence in drawing the following con- 
clusions in modification and extension of those already given 
in article 29 : 

(20.) That, with pure, well-worked metals, the principle enun- 
ciated in article 29 is fully illustrated, and a decrease of tempera- 
ture is accompanied by increase of strength, ductility, and 
resilience. 

(21.) That materials whichareimpure and irregularin character 
may exhibit exceptions to, and even reversals of, that principle 
in changes of ductility and, while increasing in power of resisting 
simple stress, may lose their power of resisting shock, by a 
diminution of temperature. 

We may hence feel confidence that, with really good iron or 
steel, we are not exposed to seriously increased danger of failure 
of structures at such low temperatures as frequently occur in 
this latitude. 

There is no reason to believe that the familiar effect of phos- 
phorus in “cold-shortening” iron and steel, when cold, has its 
maximum effect at ordinary temperatures. The experiments of 
Sandberg would seem to prove this effect to be intensified con- 
tinually with decrease of temperature. 

35. Since the above research was concluded, the writer has 
become indebted to the thoughtful kindness of Mr. Chas. Francis 
Adams, Jun., for reports, one of which is that of the Mass. R. R. 
Commissioners for 1874, containing (page 144, e¢ seg.) the result 
of an investigation of the cause of rail breakage on a consider- 
able number of railroads in the United States and Canada. The 
conclusions given are that “cold does not make iron or steel 
brittle, or unreliable, for mechanical purposes,” and that “ it was 
not the rule that the most breakages occur on the coldest days.” 
The introduction of steel, in place of iron rails, has caused an 
almost complete cessation of the breakage of rails (p. 150). 

The deduction which would seem proper in comparing these 
latter statements with the work of Sandberg would seem to be, 
simply, that the latter experimented with cold-short rails. The 
same conclusion is given in Sandberg’s own statement of the 
difference between Welsh and French metal.' 

36. We still require, to give us reliable information regarding 
exceptional cases, a series of experiments to determine the 
action of excessively low temperature, and whether the apparent 
change of law near the Fahrenheit zero is a natural or an arti- 
ficial phenomenon. We need to learn precisely the effects of 
sulphur, phosphorus, and silicon at extremely low temperatures. 
We need also, and especially, to learn by experiment whether 
extremely low temperatures occurring during our winters, produce 
a serious effect upon iron and steel by the introduction of internal 
strain as the material decreases in volume and increases in 
density. 

The uncertainty still existing as to the extent to which increased 
density at low temperatures and reduction of tenacity under 
sudden strains at all temperatures—phenomena which have been 





1 P. 157, conclusion 3; p. 158, line 4; p. 32, Nos. 21, 24. 





revealed but not measured during the investigations here de- 
scribed—will be recognized by every member of our profession 
as one which it is exceedingly important to remove. It is hoped 
that it may not long remain, for it is evident that, although 
perhaps improbable, it is not impossible that, notwithstanding 
the increase of both tenacity and ductility by reduction of tem- 
perature, these causes may still conspire to produce increased 
tendencyto yield before shock at some unknown low temperature. 

37. The peculiarities of fracture, which have been alluded to, 
are exhibited in the accompanying illustration. 

Figures 15 and 16 exhibit the behaviour of a bar of iron made 
at Catasauqua, Pennsylvania, as broken by Mr. Oliver Williams, 
at 70°, and again at 20° Fahr. It is selected from among the 
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specimens in the cabinet of the Stevens Institute of Technology. 
The fracture at 70° (Figure 15) has the fibrous fracture and all 
the characteristics of what is generally considered a tough and 
ductile iron, That at 20° (Figure 16) resembles the break pro- 
duced by a quick blow in good iron, or by any treatment at 
ordinary temperatures of a cold-short iron. Were the conditions 





stated not known, it would be supposed that irons like Nos. 1 
and 16, Figures 5 and 6, were combined in a single bar. 

Figures 18 and 17 illustrate strikingly the difference between 
the specimens of copper, Nos. 87 and 133, which have been 
already described, and of which the strain-diagram of the one is 
shown in Plate II., and of the other in Plate III. No. 87 was 
cast in green sand, and broken at 70° Fahr., while the other was 
made from the same ingot, but cast in dry sand and broken at 
10° Fahr. 

The first is unsound in structure in consequence of the damp- 
ness of the mould, and exhibits a peculiar radiated texture, which 
is probably due to the same cause. The second is distinguished 
by its compact homogeneous structure, probably due to the 
freedom of the mould from vapour and gases. It presents a 
beautiful crystalline fracture, which is probably due partially, 
if not principally, to the low temperature at which it was broken. 

These fractures are extremely interesting from the strongly 
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typical features which they exhibit as characteristic of the pecu- 
liar conditions under which they were produced. 






R¥SUME. 


38. En résumé, a review of this investigation of the nature of, 
and the influences affecting the distortion and rupture of metals, 
it would seem allowable to accept, as extremely probable, the 
following 

GENERAL CONCLUSIONS : 


1. That accurate strain-diagrams, in which the behaviour of 
the material, as distortion progresses, and especially about the 
elastic limit, afford a means of acquiring valuable information 
respecting the strength, elasticity, homogeneousness, ductility, 
and resilience of materials, and of tracing the modifications in- 
duced by variations of treatment and of composition. 

2. That internal strain plays a most important part in deter- 
mining the behaviour of materials strained by either static or 
dynamic stress. 

3. That the time during which applied stress acts, is an im- 
portant element in determining its effect, not only as an element 
which modifies the effect of the vzs viva of the attacking force, 
and the action of inertia of the piece attacked, but, also, as modi- 
fying seriously the conditions of production, and relief of internal 
strain by even simple stresses. 

4. That with good materials, cold does not produce injury, 
but actually improves their power of resisting stress, and in- 
creases their resilience. 

5. That the influence of impurities, of various methods of 
manufacture, of changes of density with temperature, and of the 
causes which produce a concentration of the action of rapidly- 
produced distortion and of quick blows, are subjects which still 
— careful investigation. 

. That experiment confirms the theory as to the behaviour of 
materials, homogeneous in composition, structure, and strain, as 
expressed @ Zriori in 27, and hence a probable deduction that 
the force of molecular repulsion is heat motion. 


FIREPROOF WOOD. 


IOME experiments of an interesting nature were 
recently made at Godstone with the Rev. Dr. 
e| Jones’s patent for rendering wood incombustible. 
The experiments took place in the grounds of Mr. 
Jarvis, at the Priory, where every appliance was 
at hand to render the tests as complete as pos- 
Dr. Jones renders wood uninflammable, and also imper- 








sible. 
vious to dry rot and decay, by subjecting it to a “ pickling” 
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process in a solution of tungstate of soda and water of the 
specific gravity of 1°2. It should be stated that the tungstate is 
made by the addition of tungstate of lime to hydrochloric acid 
and salt, and it produces in the process as much chloride of 
lime as will pay all working expenses. The invention claims to 
be superior to all the old methods of preserving wood, as they 
only render it more liable to fire. As instances of the inflam- 
mable nature of preserved wood may be mentioned the landing- 
stage at Liverpool, recently burnt down, and Sir Joseph 
Gabriel’s preserved wood warehouse, which was destroyed by 
fire. The tungstate of soda, from experiments that have been 
made, publicly and privately, during the last three years, is 
proved to render soft woods, such as white and yellow pine, as 
hard as oak or teak, and it will also restore wood to its original 
condition of durability that has been affected by dry rot. The 
visitors were shown a piece of restored oak taken from the Lord 
Clyde, an ironclad that was built some years ago of unseasoned 
timber, and which had become soft and useless. Having been 
treated with Dr. Jones’s patent, it is now as hard and durable as 
ever. The experiments made were three in number, and the 
tests were undoubtedly very severe. Two small pyramids of 
sticks were made, one of prepared and the other of unprepared 
wood. These were then well saturated with paraffin and 
ignited. In the case of the prepared wood the paraffin soon 
burnt itself out without communicating the flames to the wood, 
which was only slightly charred. The other heap burnt fiercely, 
and in half an hour was reduced to ashes. The next experi- 
ment was made with two wooden huts, one of which had been 
prepared, while the other, built of ordinary Scotch fir, had not. 
A strong fire sufficient to ignite the houses was burnt in each, 
and the effect was about the same as in the preceding experi- 
ment. A chest containing a parchment document had been 
treated by the process, and was thrown into the flames when at 
their height, and was taken out some time afterwards, charred 
indeed as to the outside, but practically uninjured in any other 
respect. The inside was quite cool, and the wax seals upon the 
document were intact. Perhaps the most important trial was 
that which took place with gunpowder. A Government gun- 
powder keg which had been rendered fireproof was used for 
this experiment. A paper packet, containing about two ounces 
of gunpowder, was put in the bottom of the keg, and a sheet of 
brown paper, impregnated with the tungstate, was pasted over 
it and dried. The keg, which was open at the top, was turned 
upside down and surrounded by shavings, which were lighted. 
A fire of petroleum and shavings was kept burning on the top 
for about a quarter of an hour, without producing the slightest 
effect on the keg. To make the trial still more complete, the 
keg was reversed again, and lighted shavings were thrown in 
upon the gunpowder, protected only by a sheet of brown paper. 
The paper stood the test admirably, and the solution rejected 
the fire so thoroughly that the paper did not even show a sign of 
charring. The gunpowder was then taken out and exploded. 
The properties of his invention, Dr. Jones states, will render to 
the navy the advantage of being always sound in hull and free 
from any danger of fire, whether from accident or shot and 
shell. It would also be a great saving to the nation in prevent- 
ing the necessity of continually docking and repairing ships. 
An extract from some Government statistics was read, which 
stated that the cost of the renewal of telegraph poles was 
£240,000 per annum, and this, it was said, would be saved by 
the use of Dr. Jones’s process.—Daily News, 


TUCKING ATTACHMENT FOR SEWING 
MACHINES. 





a invention herewith illustrated from “The 
3272] Scientific American” is a device for forming and 
Oe sewing tucks at one and the same operation, and 

») also for insuring a perfect uniformity in parallel 
« ay) lines, in tucks and in spaces between tucks, in an 

=! expeditious manner. In its operation, the in- 
ventor states, it folds the fabric in form for a tuck, regulates the 
tension of the material while being sewed, maintains its uni- 
formity in parallel lines, and secures the seam, all at one and 
the same operation. 

In the engravings, fig. 1 shows the apparatus attached to the 
machine, and figs. 2 and 3 portions separated. A is the presser 
foot, the upper end of which is hollow, and can be slipped on 
any cloth presser bar. This foot has a lateral arm, B, on which 
is an index plate ; C is the head of a temper screw, by means of 
which the vertical guides, D, are adjusted laterally, with refer- 
ence to the presser foot. The opening between these guides is 
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more or less closed by means of two set screws, shown at E. 
F is the end of the horizontal guide, G, turned at right angles 
from its body and parallel with the side of the presser foot and 
vertical guides. The body of the horizontal guide is shaped as 
a loop, and works in a dovetail on the index plate, H, engaging 
with the temper screw, I. The slot represented in the shank of 
the index plate serves to secure it to the platform of the machine 
in the position shown in fig. 1. 

The index plate, H, is attached with the point, F, parallel to 
and drawn laterally by the temper screw, I, against the side of 
the presser foot, so that the needle will come near the inner 
corner of the angle. A set screw secures the presser foot with 
its attachments to the presser bar, and the vertical guides are 
laterally adjusted by the screw, C, to regulate the width of space 
between the tucks. By turning the temper screw, I, the hori- 
zontal guide is adjusted laterally for enlarging or diminishing 
the width of the tucks. 

When all these adjustments are completed, the first tuck is 
turned by hand, feeding it to the needle, in the same manner as 
any other plain sewing, until the seam is finished. Then a 





piece of thin metal is shoved inside the tuck to distend it to its 
full width, so that it will appear as standing on its edge. The 
raw edge of the remainder of the fabric is made into a roll 
parallel with the tuck just distended, and pessed through under 
the loop of the horizontal guide, G. The part of the cloth con- 
taining the tuck is next drawn out under and then over the out- 
side of the right-angled point, F, under the presser foot, and 
thence on until the tuck containing the guide can be introduced 
edgewise in the opening of the vertical guides, H. The machine 
being set in motion, the fabric is fed in the ordinary way to the 
needle ; and when the same is ended, the thin metal strip is 
withdrawn, and introduced in the tuck last made. The cloth is 
again drawn along until the strip or plate guide can be once 
more introduced between the vertical guides, and thus con- 
tinuously until all the tucks are completed. 

The right-angled point, F, is in the tuck, being formed and 
sewed, and the fabric is stretched over and travels parallel with 
it. The thin plate rests ina tuck already made, stands edgewise 
in the vertical guide opening, and travels parallel at all times 
with the point, F, thus giving two fixed parallel guides in com- 
bination with the needle; thus, it is claimed, effecting perfect 
——s in parallel lines, in tucks, and in spaces between 
tucks, 

To increase or diminish the width of the latter, the temper 
screw, I, is turned, thereby actuating the horizontal guide on 
the index plate, and moving the point, F, laterally from or to 
the presser foot until the desired width is obtained and noted on 








the index plate. The distance from the needle to the outer 
edge of the point, F, is the width of the tuck. To increase the 
width of space between the tucks, the temper screw, C, actuates 
the vertical guides, D, laterally from the needle and presser 
foot. When the desired width has been reached, it can be 
noted by the index on the lateral bar. The distance from the 
vertical guide opening to the needle is the width of space be- 
tween tucks. The vertical guide opening can be closed or 
opened to suit any desired thickness of stuff by the screw, E. 
The plate guides are of any suitable material similar in thick- 
ness to the mainspring of a watch. 

The inventor (Mr. Eugene Bouillon) claims for this device 
cheapness and simplicity, and a sample of its work forwarded 
to us seems to be very neatly and accurately made. 


CHEMICAL INVESTIGATION OF THE AIR IN 
ROOMS COVERED WITH ARSENICAL 
WALL PAPERS.' 


By N. P. HAMBERG, M.D., OF STOCKHOLM, 
Hon. Mem. of the Pharmaceutical Society of Great Britain. 


HE injurious effects of arsenical pigments as 
applied to the walls of apartments have been 
observed by physicians in almost every civilized 
country. The poisoning which occasionally 
results has been explained in very different ways. 

é‘ Several illustrious scientific men, as Taylor, Bun- 
sen, and Pettenkofer, consider that it is due to fine particles, 
removed by mechanical causes from the paper, which, mixed 
with the air of the apartment, enter into the respiratory and 
digestive organs, and thus set up poisonous symptoms ; conse- 
quently that danger could arise only from paperhangings to 
which arsenical colours were but loosely attached, and that the 
air is not contaminated by such colours, when varnished or 
applied as oil paints. ‘ 

On the other hand, we have many observations of poisoning 
occurring in rooms, where the arsenical paper was covered with 
other paper completely innocuous, or where the walls were painted 
with an arsenical pigment ground in oil. It is therefore pro- 
bable that a gaseous arsenical compound, arsenide of hydrogen, 
or oxide of kakodyl, escapes from the colour; and the experi- 
ments performed by Professor H. Tleck in Dresden (Zeztschrift 





/tir Biologie, Bd. viii.) induced me to make further investiga- 


tions, which I think may interest the readers of the “ Pharma- 
ceutical Journal.” I therefore communicate the results of an 
examination which I commenced during last summer and have 
lately completed. 

The experiments were performed in a summer residence, 
which was let to me and my family during the summer of 1873. 

The room taken for the experiment was a large one, with two 
windows opening to the west : its walls were dry, and the paper- 
ing of the room had according to report been put up twenty-five to 
thirty years before. No smell of damp was perceptible ; and the 
persons who let the rooms said that they had not observed, 
either in themselves or others, any injury to health which could 
be ascribed to the green papering. 

The apparatus used by me is represented on the next page, 
and consisted of the following parts :— 

The U-formed tube A, containing only air, the object of which 
was to gather any possible dust. 

The tubes B, C, D, contained cotton, by which the air was 
filtered, and quite freed from dust, previous to entering the du/b- 
shaped tubes E and F, which contained a solution of n-trate of 
silver (1 part to 40 parts of water). 

The tube G contained only air, and was used in order to re- 
ceive any solution of silver that might be splashed over by the 
stream of air from the bulb tubes. 

The above-described system of tubes was hung on the wall 
opposite the windows. 

The tube G was united by a long glass tube to the three- 
necked Woulff’s bottle H, that was placed on the floor, and the 
lateral necks of which were put in connection with the gas-holders 
I and K, by means of long india-rubber tubes. 

These gas-holders served in turns as aspirators in this manner, 
—that when K was filled with water and put upon the table, its 
contents could gradually flow through the drain-tube into gas- 
holder I, standing on the floor, which then only contained air ; 





1 Reprinted from the ‘‘ Pharmaceutical Journal,” by the kind per- 
mission of the editor. 
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when I had been filled with water from K, it was lifted on to the 
table, and K was placed under it, to receive in its turn the water 
from I, 

When the apparatus was working, the connection of the 
gas-holder on the floor with the Woulff’s bottle was of course 
broken off. 

The gas-holders I and K had each a capacity of 15 litres ; the 
lower opening of each was provided with a perforated cork, into 
which a bent glass tube with a short india-rubber pipe was in- 
serted, which by a screw stop-cock could be shut and opened. 
On opening this stop-cock, there ran out from the gas-holder that 
was filled with 15 litres only about to or 11 litres, and a stream 
of air corresponding with this quantity of water thus passed 
through the set of tubes. 

During the experiment, the doors and windows were shut as 
much as possible, to make the change of air in the room more 
difficult. 

The passage of air through the set of tubes was continued 
daily from the 16th of July to the 16th of August, when it was 
stopped. In one to two hours, 10-11 litres of water had flowed 
from the gas-holder, and a corresponding quantity of air had 
been passed at the same time through the set of tubes. Every 
removal of the gas-holders was noted, and on an average the 
removal was made eight to ten times a day. 

At the interruption of the operation on the 16th of August, 
water had been emptied from the gas-holder 216 times in the 
above-mentioned manner. If the quantity of water is supposed 
to be ro litres every time, 2,160 litres, 2,160,000 cubic centimeters 





of air, had passed during the experiment through the set of tubes. 
While the experiment lasted, I many times felt on entering the 
room, after having been in the fresh sea-air, a disagreeable allia- 
ceous smell, certainly not strong, but yet evident. 

When the passage of air through the set of tubes had continued 
about one week, a black sediment in the solution of silver in the 
tube E was observed ; the sediment increased by degrees, and 
appeared afterwards also in the bulb-tube F. 

On the 16th of August the passing of air was discontinued, 
and the apparatus taken down. The contents of the separate 
tubes, A to G, were examined after removing to town, and at this 
investigation the following observations were made :— 


Contents in the U-shaped Tube A. 


The object of this tube was, as I have said, to gather dust. 
On examining it, scarcely any solid particles could be observed. 
In the room taken for the experiment, which was a drawing- 
room, and not generally used by the family, there was but little 
dust ; the papering was, as is before mentioned, o/d, and the 
colour very well fastened. 

To detect the presence of any arsenical colour, the tube was 
washed out several times with dilute nitric acid, the acid fluid , 
was allowed to evaporate, and a little of it was examined with 
yellow ferrocyanide of potassium, but no reaction on copper was 
obtained, and only a little iron could be observed. 

The remaining part of the acid: fluid was evaporated to dry- 
ness, and was heated with sulphuric acid to remove all nitric 
acid ; the residue was poured into a Berzelius-Marsh apparatus, 




















with a heated reduction tube ; notwithstanding a continued 
passing of gas through the constantly glowing tube for an hour 
and a half, only an excessively feeble, indistinct pellucid film 
was obtained. 

Cotton from the Tube B. 


The cotton taken out was heated with nitric acid, the tube 
being washed out; the acid was evaporated, and the residue 
mixed with nitrate and carbonate of sodium, and heated in a 
porcelain crucible to fusion, which was continued till all organic 
matter was destroyed. The fused mass was dissolved in water, 
when a little ferric oxide was left, the solution was super-satu- 
rated with sulphuric acid, and afterwards heated to remove all 
nitric acid. 

The acid residue gave in Berzelius-Marsh’s apparatus a feeble 
arsenical film, which began to appear not very plainly after 
passing the gas for ten minutes through the glowing reduction 
tube, but became evident after one hour’s continued passage of 
gas and heating. 


Cotton from the Tubes C and D. 


The contents of these tubes were separately examined in the 
same manner as the contents of tube B, but neither from C nor 
D could any arsenical reaction be obtained. 


Solution of Silver in the Bulb-tube E. 


The black sediment formed during the passage of the air was 
separated by filtration. A small portion of the filtered liquor 
was saturated with ammonia, which produced a light-yellow 
sediment resembling arsenite of silver. The greater part of the 
filtered liquor was mixed with hydrochloric acid, in order to pre- 
cipitate the silver, the chloride of which was collected on a 








filter, and the clear fluid evaporated to dryness ; the remainder 
was treated with sulphuric acid, and heat applied so long as 
nitrous vapours were exhaled. After dilution with water, the 
acid liquid was poured into a Berzelius-Marsh apparatus, pro- 
vided with the usual reduction-tube ; after ten or twelve minutes, 
a feeble brown tint was observed, and after one hour’s passing of 
the gas a pellucid brown film was obtained that, in the contracted 
part of the reduction-tube, collected into an apparent arsenical 
crust of such a thickness that it was not transparent. 

The black sediment in the solution of silver was easily dis- 
solved by diluted nitric acid, and displayed the characters of 
metallic silvet ; on further examination it appeared to contain a 
little sulphuret of silver. 


Solution of Silver in the Bulb-tube F. 


The solution in this part of the apparatus had changed in the 
same manner as in E, though in less degrees ; the quantity of the 
precipitate was smaller, and it yielded a correspondingly smaller 
amount of arsenical crust. 

The tube G contained a little solution of silver that had been 
carried with the stream of air from the bulb-formed tube F. 

I consider that the above-mentioned investigations and observa- 
tions prove that, from the papering in the room in which the 
experiment was conducted, a gaseous arsenical evaporation was 
going on; the change that happened in the solution of silver 
agrees with that which would be produced by arsenide of hydro- 
gen, namely, a sediment of silver and a formation of dissolved 
arsenite of silver, and makes it probable that the gaseous com- 
pound which was formed was arsenite of hydrogen, which gas 
also can be produced at an ordinary temperature. Oxide of 
kakodyl, on the contrary, arises first by heating to redness, and 






























































224 THE PRACTICAL MAGAZINE. 





forms, with nitrate of silver, a crystallized compound, and thus 
causes quite another effect on nitrate of silver than these experi- 
ments proved. 

Some observations concerning the papering in the room are 
now to be mentioned. The papering had, as it was said, been 
put up twenty-five to thirty years ago, and the walls in the room 
were very dry. The papering had a beautiful, light green ground 
with an ornamental pattern of brownish yellow. 

The brownish-yellow colour was ferruginous—probably some 
ochre. The green colour resembled Schweinfurt green, and 
proved to contain a considerable amount of arsenic. A square 
centimetre of the paper gave, after solution and testing, in a 
Berzelius-Marsh apparatus, with a tube of reduction of seven 
millimetres opening, an arsenical crust more than six centimetres 
long, and so thick that the greater part of it was opaque. The 
above-mentioned green colour proved, upon examination, to 
contain but a small amount of acetic acid, yet a considerable 
amount of carbonic acid. When dissolved in ammonia, and 
mixed with a solution of magnesia containing chloride of ammo- 
nium, a precipitate was formed after some minutes, which was 
found to be arseniate of magnesia and ammonia. ‘The colour of 
the papering appears thus to have gradually undergone an 
alteration in composition ; one part of arsenious acid has been 
oxidized to arsenic acid, while another part has been reduced, 
and has combined with hydrogen. A great part of the acetic 
acid has been changed to carbonic acid. 

Finally, it ought to be mentioned that none of the family 
experienced any remarkable injury to health while residing in 
the house, but that I, who had my bedroom beside the room in 
which the experiments were made, and often during the night 
had the door open, felt in the morning a heaviness in the head 
and weariness. How far an attack of rheumatism in the legs, 
from which I suffered during the month of July, and which still 
lasted during the first months of 1874, can be ascribed to the 
green paper of the room, is questionable. 


A NEW DISTANCE MEASURER. 


AJOR P. DE BOULENGE, of the Belgian Artil- 
lery, has lately invented a telemeter for deter- 
mining distances by sound. It consists of a small 
glass tube, filled with some sort of fluid, in which 
is suspended a “runner” formed of a couple of 
metal discs united by a stem. The runner is 

adjustable from the exterior of the tube, which is closed at each 
end, and, being somewhat smaller in diameter than the interior 
of the latter, slowly sinks in the fluid whenever the instrument 
is brought into an upright position. The theory is that the 
space through which the runner sinks, in the interval between 
the flash and report of a distant gun, bears a fixed proportion to 
the distance traversed by the sound. 

The instrument is used in the following manner: The runner 
is set to zero on the scale, and the tube is held horizontally in 
the hand, the observer’s eye being steadily fixed the while on 
the distant position. As soon as a flash or puff of smoke 
is seen the instrument is brought into an upright position, by a 
smart turn of the wrist, and the runner naturally begins to 
sink. The instant the report strikes the ear, the instrument is 
brought back to a horizontal position, and the movement of the 
runner is, of course, arrested. The distance on the scale cor- 
responding with the hindermost disc indicates the distance 
sought. The size and weight of the runner, and the density 
and dilateability of the fluid, are so adjusted that the move- 
ments of the former vary with the temperature in the same ratio 
as the conductibility of sound. Consequently, the distances are 
given correctly at all temperatures. The mean rate of move- 
ment of the runner is 25,000 times less than that of sound. One 
millimetre on the scale therefore represents twenty-five metres 
range. The instrument is made in three sizes :—1. for infantry, 
gi centim. long, and good for distances up to 1,600 metres; 
2. for purposes of reconnaissance, 12 centim. in length, and 
good up to 2,500 metres; 3. for artillery, 18 centim. long, and 
good for distances up to 4,000 metres. It is admitted by the 
inventor, that the instrument would be unsuited for use in 
battle, as it would often be impossible to distinguish the reports 
of individual guns; but for outpost and reconnoitring duties, 
and for use on shipboard, it might be of much service. It is 
protected by a metal case, with slits through which the scale 
and the movements of the runner may be observed. A de- 
scriptive pamphlet by the inventor is published by Muquardt, 
Brussels, Librairie de la Cour. 








THE IMPERIAL RUSSIAN SMALL-ARMS 
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OR very many years Toula has been the seat of an 
important manufactory of fire-arms. So long ago 
= | as 1694, Nikita Demidoff Antafejeff, ancestor of 
S Salece the present noble Russian family of Demidoff, 
2a had set up there ‘a manufactory of arms, which 

TSI} executed orders for Peter the Great. But the in- 
dustrial history of Toula really commences with 15th February, 
1712, on which day the famous Czar decreed the establishment 
of a factory at the confluence of the rivers Oupa and Touliza, 
where it still remains. The establishment was reorganized by 
the Empress Catherine II. in 1775, at which time it is said to 
have worked up 25,000 foods of iron annually. Further exten- 
sions and alterations took place in 1781, in 1797, and in 1810. 
During the last years of the French war, 1812-14, Toula turned 
out 100,000 stand of small arms every year. In 1823, new re- 
gulations were framed, which continued in force until 1864, 
when the establishment was made over to private enterprise. 

The first steam-engine, of 24 horse-power, was set up at the 
works in 1810. In 1837 it was replaced by another of 50 horse- 
power. About the same time machinery was imported from 
England and Belgium, and inducements were held out to foreign, 
and more particularly English, artificers, by whom various im- 
provements were introduced. The works, it may be observed, 
have always been liable to injury from floods, from which they 
have suffered on various occasions. 

In 1864, the Russian workmen, previously crown serfs, were 
emancipated, and, as before stated, the works were let out to 
private capitalists. This arrangement continued down to 1870, 
when the management of the concern was resumed by the 
government. During these six years machinery had been 
largely purchased, so that the works were reputed capable of 
turning out 60,000 stand of small arms annually. 

Previous to 1870, however, machinery was only employed as 
an auxiliary—a great part of the work was hand-made. It was 
then resolved to reorganize the establishment altogether, and to 
introduce machinery which would allow of the production of 
50,000 to 75,000 infantry rifles annually. A special commission 
was appointed, and the members were instructed to visit and 
report upon the principal foreign manufactories of arms. Water, 
it was decided, should be retained as the motive power. Tur- 
bines were erected. The buildings were greatly enlarged. A 
gas-works was added to the establishment. The alterations 
were commenced in March, 1871. All the materials were of home 
manufacture, the machinery excepted. Ofthelatter, 36 pieces were 
ordered of Zimmermann of Chemnitz, and 864 more from the firm 
of Greenwood and Batly, of Leeds. The machinery was to be 
— so that the works might be completed in the summer 
of 1873. 

Whilst these alterations and improvements were in progress 
the works had not ceased. Some 1,500 artificers, most of them 
working at home, had converted, on “ Krink’s principle,” about 
77,000 infantry rifles and some 30,000 cavalry carbines. Besides 
which, in the course of 1872, about 6,000 small-bore infantry 
rifles had been made. 

The new buildings required eight millions of bricks, and as 
local enterprise was unequal to supply ‘them, the government 
set up a brickyard for the special purpose. The greater part of 
the machinery was punctually delivered, but through unforeseen 
circumstances some of it was delayed until November, 1873. 

In August, 1873, the buildings were all finished ; the engines 
and turbines, with 8,200 feet of water and steam piping, were 
completed and in work ; the water reservoirs and the gas-works 
had been completed ; and 700 out of goo pieces of machinery 
had been delivered, and were, for the most part, in use. 

On the 20th August, 1873, the ceremony of opening the new 
works took place, for although nominally they had only under- 
gone a transformation, they were, to all intents and purposes, 
new. 

The extent and perfection of the plant now render the factory, 
if not the first, at least one of the very first, establishments of 
its kind in Europe. 

The improvements cost 2,900,000 roubles. The works give 
employment to 1,500 hands and 900 machines, and are said to 
be capable of turning out 75,000 stand of rifles per annum. 
This limit has not yet been attained, owing, it is stated, to 
the inexperience of the Russian workmen in the use of ma- 
chinery. 

The small-bore rifles, breech-mechanism included, cost the 








' From the ‘‘ Vedette,” Austrian military journal. 
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government 20 roubles apiece. So far as possible, the materials 
employed are all of native production. 

The walnut-wood for the stocks comes from the Caucasus ; 
steam-coal is found near Toula itself; the coal used in the 
manufacture of gas for lighting the works is brought from the 
Don districts. Oboukoff’s works turn out the breech pieces of 
the rifles, as well as cannon, of home-made steel of excellent 
quality ; but the steel used for all other parts of the rifles is 
brought, at considerable expense, from England. This arrange- 
ment is productive of some inconvenience, as the orders are 
not always punctually executed, and, it is said, the quality of the 
metal is not always as good as could be desired. There are also 
considerable difficulties to be encountered in the way of sur- 
mounting the prejudices of the Russian workpeople. 

Hopes are entertained that in the course of the present year, 
it will be practicable to complete 50,000 stand of rifles, in addi- 
tion to 25,000, which remain to be completed on an order of 1872. 

Small-arm factories also exist at Ijusk and Sestroresk. 

The factory at Ijusk is situated on the bank of the Iz, a small 
affluent of the Kama, in the district of Sarapulsk, and the govern- 
ment of Viatka. The population has settled about the works 
from time to time, and now numbers some 26,000 souls, of whom 
about 5,000 are mechanics, immigrants from Central Russia for 
the most part, and the rest Votiaks and Tartars. The factory at 
present gives employment to about 3,000 hands. Like Toula 
and Sestroresk, it was remodelled and machine labour intro- 
duced, when it was decided that the Russian troops should be 
armed with small-bore breech-loading rifles. The waters of the 
Iz supply the motive power. 

Situate on the eastern frontiers of Russia, far away from the 
great centres of industry and the chief lines of communication, 
Ijusk has to depend entirely upon its own resources. There is 
a brickyard capable of turning out 240,000 bricks per annum ; a 
saw-mill ; a reverberatory furnace ; a “ proof-house,” where the 
arms are tested ; and stoves for drying timber at the rate of 300 
pieces per diem. There is also a line of railway, 1,100 to 1,200 
metres in length, connecting the several buildings, and serving 
for the transport of coal and materials of all sorts. Water, as 
before remarked, is the motive power. Machinery amounting to 
486 pieces has been ordered, partly from St. Petersburg, partly 
from foreign makers. The total machine power employed amounts 
to 164 horse-power, and is distributed over an area of about 
1,000 metres in length. It is estimated that when the machinery 
is complete, the works will be able to turn out 30,000 breech- 
loading rifles per annum. As there is no other industrial estab- 
lishment near, it was necessary to find employment for the hands 
thrown out by the introduction of machine labour ; accordingly 
a manufactory of steel was started in the immediate neighbour- 
hood of the works. Previously, steel-barrelled small arms had 
been principally supplied by the house of Berger, in Westphalia. 
The manufacture has now been introduced at Ijusk, and 500,000 
steel small-arm barrels are ordered to be completed within the 
next six years. In the course of last year 8,500 foods (139,238 
kilogs.) of steel, and 17,000 stand of arms were manufactured. 

At Sestroresk, also, machine labour has been introduced ; 
and, like Toula and Ijusk, the establishment has been com- 
pletely remodelled under the direction of Major-Gen. Lilienfeldt. 
There are 500 pieces of machinery in use or ordered, 300 of them 
made to order abroad and the rest manufactured on the spot. 
The lighting of the establishment is provided for by a new gas 
works. To test the accuracy of the work executed here, a Special 
Commission caused fifteen rifles, which had been duly passed by 
the Examining Committee, to be dismounted to the smallest 
screws, and the pieces mixed up with others. The same fifteen 
rifles were then remounted, by three men, in the space of fifteen 
minutes, and tested as before. The rifles, breech mechanism in- 
cluded, are reported to have worked to perfection. 


svansve| EW JOINT.—A method for making joints to unite the 

Nii B} sides of boxes and other matters has been recently 
patented by Mr. W. M. Beaufort. The two pieces of 
wood to be fastened together are first mitred in the 
usual manner, and a hole is then drilled vertically in each 
piece, from the bottom upwards, at a short distance from the 
mitred edge. A channel or groove is then cut by a saw or 
otherwise, from the mitred edge to the drilled hole. This 
channel is of a less width than the diameter of the hole, and 
may be cut either parallel to the sides of the piece of wood, or 
at right angles to the mitre, so that when the two pieces are put 
together a continuous channel shall be formed between the two 
holes. The two pieces are then held tightly together, and a key 
is formed by running metal, such as lead or “fusible metal,” 
into the channel; by this means, the key is cast in the place 
which it is to occupy. The key may also be made separately, 
of solid metal, and driven home into the channel.—Society of 
Arts Fournal. 











Chemistry applied to the Arts, Metal- 
lurgy, Chemical Manufactures, 
and Allied Subjects. 


ABSTRACTS FROM FOREIGN PERIODICALS, TRANSACTIONS 
OF CHEMICAL SOCIETIES, &c. 


§ 1. Acids, Alkalies, and Salts. 


ULPHURIC Acid.—H. SPRENGEL patents 
the use of jets of spray of water, sulphuric acid, 
acid impregnated with nitrous fumes, &c., instead 
of hot steam in the vitriol chambers ; also of jets 
of spray of concentrated sulphuric acid for the 
purpose of absorbing nitrous fumes from the spent 

Chemical News, xxix. 289. 








gases. 


Action of Hot Sulphuric Acid on Lead.—A. Mat- 
LARD has examined the action of boiling sulphuric acid of various 
strengths on a specimen of nearly pure metallic lead con- 
taining— 


Lead . 99°62 
Antimony . O14 
Iron . ° > ‘ : F 0'03 
Tin and matters undetermined , o'21 

100°00 


The lead was formed into rods of about } centimetre square 
in section, and was wholly covered with the acid in a glass vessel 
provided with a thermometer; the acid was free from sulphurous 
acid, and contained only traces of oxide of nitrogen. 

With acids of density varying from 45° to 61° B. (boiling from 
135° to 205°), no action is perceptible until the acid becomes 
concentrated to such an extent as to boil at 205°, z.e. to be of 
density (after cooling) 61° B. Acids of density between 61° and 
65°'5 (boiling from 305° to 320°) only attack the lead when they 
become concentrated to the latter strength : with acids of density 
below 61° the products of the action are sulphurous acid and 
lead sulphate; with stronger acids a little sulphur is set free 
from the action of the metallic lead on the sulphurous acid. 
Acid of density 65°5 begins to attack lead at about 250°. Bud/. 
Soc. Chim. Paris, xxit. 114. 


Potash from Wool.—G. LUNGE patents improvements 
in scouring wool and in utilizing the product resulting there- 
from. After the raw wool is washed in the ordinary apparatus 
by means of warm water to which carbonate of potassium has 
been added, the washing waters are collected in tanks and 
allowed to stand until the solid impurities subside. The super- 
natant liquor is then evaporated to dryness, and the residue 
heated in the bed of a furnace until it takes fire and burns off. 
The result is an ash often mixed with carbonaceous matter, 
and containing the carbonate of potassium employed for 
scouring, and the potassium present in the wool employed, the 
latter also mainly in the state of carbonate. The ash is then 
lixiviated, a solution of carbonate of potassium being yielded. 
One portion of such carbonate of potassium is used for scouring 
a fresh quantity of wool, and the portion not so employed is 
evaporated to dryness and calcined, yielding a fine kind of 
potash. 


The Ammonia Soda Process.—A. BAUER finds that 
bicarbonate of soda under certain conditions decomposes chlo- 
ride of ammonium, reproducing common salt and carbonate of 
ammonia; thus, when bicarbonate of soda is dissolved in water 
containing chloride of ammonium and saturated with carbonic 
acid gas, and the solution is allowed to evaporate spontaneously 
at 8°—15°, only a trace of bicarbonate of soda is obtained, but 
a considerable amount of common salt. 

When potassium chloride and ammonium carbonate are heated 
under a pressure of 14 atmospheres, about 22 per cent. of potas- 
sium carbonate is obtained. Berichte der Deut. Chem. Ges. vit. 
272. 

 Guansuanc finds that in order to prepare soda by this 
method it is essential to operate in such a way as to produce 
finally a saturated solution of sal-ammoniac ; to obtain such a 
solution (saturated at the ordinary temperature) 58°5 parts of 
common salt must be dissolved in 180 parts of aqueous ammonia 
containing 10°396 per cent. ammonia, and the whole saturated 
with carbonic acid; the liquid also retains in solution a con- 
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siderable amount of bicarbonate of sodium; thus a solution 
containing 25°89 per cent. of sal-ammoniac at the ordinary tem- 
perature and pressure can dissolve 5°472 per cent. of bicarbonate. 
The chief difficulty in the ammonia process lies in the relative 
solubilities of the substances concerned. J/did., p. 644. 


Desulphurization of Caustic Soda and Ammonia. 
—E. SMITH patents the use of finely granulated zinc for this 
purpose ; the zinc is agitated with the soda liquor till all the 
sulphide of sodium is decomposed ; the liquors are then allowed 
to settle, metallic zinc and sulphide of zinc depositing. 

In the case of ammonia the same process can be used, or the 
ammoniacal liquor can be distilled along with lime and ferrous 
sulphate, whereby a distillate free from sulphur is obtained. 
Chemical News, xxx. 43. 


Soap.—W. LorBERG patents the following mixtures :— 


No. rz. No. 2. 
Suet . - ° ° - 50parts. 45 parts. 
Cocoa-nut oil . x a ee AG 
Palm oil . ° ai aes — » 
Resin oil . ° ‘ o— » 10 
Caustic alkali, at 4o° B. . 50 ,, 0 x 
Alkaline silicate, at 40° B. . 30 ,, EO) 44 
Glutin - i ; Os 40. 
Water. ° . ‘ a 3O 5 


The saponification is effected at a temperature of 40°, after 
which the silicate and the glutin are added. Bull. Soc. Chim. 
Paris, xxit. 144. 


Manufacture of Chlorine and of Ammonia simul- 
taneously.—TEssié Du Moray treats a mixture of 


Sodium chloride . - 3 equivalents. 

Ditto nitrate . ‘ 2 e 

Sulphuric acid >, #05 a 
in cylinders of cast iron or other suitable material ; chlorine and 
nitrous gases are evolved and are passed over cuprous chloride, 
which becomes converted into cupric chloride, nitric oxide 
passing on; this latter is then mixed with hydrogen and passed 
over pumice stone impregnated with platinum or oxide of iron 
at a dull red heat ; water and ammonia are thus formed. The 
cupric chloride when heated to 200°—300° splits up into free 
chlorine and cuprous chloride, which is employed over again. 

In another process, aqua regia is produced by mixing 


Hydrochloric acid . 3 equivalents. 
Nitricacid . ° 8 a 


To this are then added 
Cuprous chloride. » 6 = 


when cupric chloride is produced together with nitric oxide 
which is collected in gas-holders. Bull. Soc. Chim. Paris, 
xxit. 48. 

Preparation of Chlorine in the cold.—A. MERMET 
obtains a stream of chlorine gas without the application of heat 
by forming bleaching powder into pellets, and acting on these 
with dilute hydrochloric acid in the ordinary gas generators in 
use for the preparation of hydrogen, carbonic acid, &c. &c., where 
it is not required that heat should be applied. Bud/. Soc. Chim. 
Paris, xxi. 541. 


Preparation of Atropine.—J. LEForT exhausts the 
leaves of belladonna with boiling water containing 10 grammes 
of tartaric acid per kilog. of leaves ; the liquor is filtered and 
evaporated to dryness, and the residue treated with strong alcohol 
at 50° ; the alcohol is distilled off from the extract thus obtained, 
and the residue shaken with ether, whereby gummy and colouring 
matters are removed and an impure tartrate of atropine left ; 
this is heated with caustic potash and again shaken with ether ; 
the atropine is thus dissolved and is obtained in the form of 
crystals by evaporating off the ether, dissolving the residue in 
very dilute sulphuric acid, and reprecipitating the base by 
carbonate of soda, and extracting with ether and evaporating 
the ethereal solution. Chim. Soc. Fournal, 1874, 701, from Chem. 
Centralblatt. 


Manufacture of Phosphates of Potassa, Soda, 
and Ammonia, and of the Caustic Alkalies.— 
LUTSCHER prepares dicalcic phosphate by treating ordinary 
mineral phosphates with hydrochloric acid, whereby calcium 
chloride and an acid phosphate, yielding a crystallizable double 
salt, are formed ; the double salt is dissolved in water, and one 
——— of lime added, so as to form calcium diphosphate, 
which precipitates. To transform this into alkaline phosphates, 
the precipitate is dissolved in a solution of sulphurous acid, kept 
saturated by means of a current of sulphurous acid gas; two 





equivalents of an alkaline sulphate for one of dicalcic phosphate 
are thus added; sulphate of lime is precipitated, and an alkaline 
phosphate left in solution. Phosphate of ammonia may also be 
obtained by treating dicalcic phosphate with a solution of am- 
= sesqui-carbonate, into which a current of carbonic acid is 
passed. 

To transform the alkaline phosphates into caustic alkalies, 
lime is added, so as to reproduce dicalcic phosphate which pre- 
cipitates, whilst the caustic alkali is set 9 and remains dis- 
solved. Bull. Soc. Chim. Paris, xxit. 47. 


Preparation of Cuprous Chloride.—BoetTTcEr pre- 
pares cuprous chloride expeditiously by adding to a solution of 
cupric chloride one of stannous chloride; stannic chloride is 
thus formed, together with cuprous chloride, which separates as a 
sparingly soluble precipitate; this is collected, and slightly 
washed with water. Chem. Centralblatt, v. 99. 


Preparation of Minium and other Metallic 
Oxides.—ROoussET patents the introduction, by means of a 
blowing machine, of air (either hot or cold), oxygen, or ozone 
into the bath of molten metal, the oxide of which is required ; 
the oxide is thus generated as a very fine powder, readily acted 
on by acids even when weak. Bull. Soc. Chim. Paris, xxit. 44. 


Artificial Vanilline.—TieMan and HAARMAN have suc- 
ceeded in producing artificially the crystalline substance vanil- 
line, constituting the aroma of vanilla. The sap of the cambium 
of coniferous trees contains a crystalline glucoside coniferine, 
discovered by Kubel some years ago. When this is fermented 
with emulsine, it yields a crystallizable body, which is a kind of 
ethylic ether of vanilline, and which yields that substance by 
oxidation with bichromate of potash and sulphuric acid. Pager 
read before the Royal Society; also Comptes Rendus, May 11, 
1874. 


§ 2. Metallurgy. 


Softening Steel.—W. R. LAKE proposes to soften steel by 
heating to a cherry réd, covering with common salt, and then 
working into the required shape. The articles are then sprinkled 
with a mixture of common salt, sulphate of copper, sal-ammo- 
niac, saltpetre, and alum, heated to redness, hammered, again 
sprinkled with the mixture, and so on till finished ; finally, they 
are hardened in a solution of the same mixture. Bull. Soc. 
Chim. Paris, xxit. 14t. é 

RATH plunges the articles to be softened in a sirupy solution 
of calcium chloride, and then heats to redness for fifteen 
minutes in a reheating furnace; finally, the steel or iron is 
allowed to cool and washed with water. J/did., 142. 


The Blair Iron and Steel Process.—The Blair Iron 
and Steel Company employ a process whereby the ores can be 
held under treatment for any length of time requisite to produce 


_.a nearly perfect elimination of the oxygen, and so form homo- 


geneous iron and steel. The different varieties of iron sponge 
are produced from the ores of Lake Superior, and the Iron 
Mountain Mine of Missouri. Of the various qualities of blooms, 
that of “A” is produced by compressing the loose sponge in a 
cold state ; that of “ B” is formed by heating the “ A” bloom to 
a red heat and again compressing it. This hot-pressing is not 
practised by the company in using blooms in their open-hearth 
furnace, nor is it needed except to make them stand rough 
handling in transportation. Another kind is obtained by the 
ordinary open-hearth process, merely substituting the sponge 
bloom for the wrought iron ordinarily used. 

An open-hearth furnace is used, which works on the principle 
of “continuous regeneration,” that is, the outgoing flames pass 
continuously in one direction, and the ingoing air and gas also 
pass continuously in another direction, the waste heat being re- 
covered by absorptitn through the walls of the channels which 
confine each current within its own bounds. In practice this 
furnace works satisfactorily, the heat being an equable one, and 
undisturbed by the reversing of the currents. 

The ingots produced offer no peculiar feature. It is the expe- 
rience of all connected with open-hearth practice, that good ma- 
terials are necessary to give good results. The ore employed for 
making the sponge should be either free from phosphorus or the 
latter must exist as a combination with lime, only mixed me- 
chanically with the iron oxide. Sulphur must be eliminated be- 
fore commencing the production. In speaking of the absence 
of sulphur and phosphorus, it is meant that they must not exceed 
the limits recognized in the Bessemer process. But if the ore is 
right, the iron sponge will be a fitter material to melt in the ~ast 
iron than any other form of wrought iron, because it prese ts 
the iron as an elementary body, having no chemical affinity t rt 
the earthy constituents of the ore, and these latter pass off to the 
surface as soon as fusion takes place. The pig-iron employed 
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should be good enough for use in the Bessemer process, but need 
not be so high in carbon, and is all the better the less silicon it 
contains. The ratio of carbon is of course under the same con- 
trol as in all open-hearth practice, and the product may be 
either hard enough for high steel or soft enough to substitute for 
ordinary wrought iron. 

The company claim that they realize, in actual working prac- 
tice, the true “ direct process,” by first withdrawing the oxygen 
from the natural iron oxide; and second, fusing the product 
with other iron containing carbon enough to facilitate this fusion. 
As with other fusing products, the ingot can be made of a 
temper to suit all steel purposes, except tool steel; or it can 
be cast as homogeneous metal, an article superior in quality to 
every other form of wrought iron. Jvon, Fune 27th, 1874, p. 806. 


Iron Alloys.—ByRon patents the production of improved 
iron alloys, by melting together copper, tin, manganese and 
antimony in a crucible, and adding the mixture to the fused pig 
iron ; sulphurand phosphorus are thereby said to be removed. (?) 
The best proportions are :— 


Copper . ° ° ° ° I part 
ais . . . . . + ” 
Zinc . ° ° ° . ° 3 ” 
Manganese . . . . i ” 
Antimony ‘ : , o* gtod, 
Iron . 100 


. . * . ” 
The antimony hardens without chilling the iron. Chemical News, 
XXX. 10. 


Utilization of Tinplate.—E. KUENZEL describes this 
process depending on the treatment of the old tinplate with 
hydrochloric acid mixed with nitric, and the precipitation by 
means of zinc of the dissolved tin from the liquor obtained. 
Good tinplate contains from 5 to 9 per cent. of tin, the thinnest 
sheets containing the most. French tinplate contains 1 or 2 per 
cent. more tin than English, because iron plates with more 
roughened surfaces are used in its preparation. Varnished tin- 
plate, such as that used for certain preserved meats, &c., requires 
calcination to destroy the varnish before treatment with acid. 

Large tanks, 3 metres cube, of wood, or bricks covered with a 
layer of sand (2 parts) and melted sulphur (1 part), are filled with 
the tinplate to be treated ; 300 kilogs. of crude hydrochloric acid 
and 30 of nitric acid are added for every 1,000 kilogs. of tinplate, 
together with as much water as will sufficeto cover four-fifths of the 
mass ; the whole is heated up by a jet of steam blown in through 
a hardened -indiarubber pipe ; in one half to three-quarters of 
an hour the action is finished (tinplate at 5-6 per cent. tin 
being used) ; the liquor is then drawn off, and the residue of iron 
washed with water, and quickly made up into packets; if ex- 
posed to the air while moist in a heap, the iron oxidizes rapidly, 
and evolves so much heat as to cause vivid combustion ; thus a 
heap containing 100 cubic yards has been seen on fire from this 
cause. The iron may be used for making sulphate of iron, but 
in a large works it is more convenient to use it to facilitate 
puddling by the addition of 10 to 20 per cent. of it to the pig 
iron used. 

The precipitation of the tin is carried out in tanks of wood or 
stone by means of metallic zinc ; no effervescence ought to be 
permitted, otherwise a loss of zinc is occasioned. For every 
70 parts of old zinc 100 of tin should be obtained. The liquors 
containing zinc chloride are worthless, and are run away after 
filtration to remove suspended particles of tin. The metallic tin 
thrown down oxidizes too rapidly to be melted; it is dissolved 
up in hydrochloric acid, and made into tin liquors. A residue of 
oxide of tin and chloride of lead is left in this operation ; this is 
added to the chloride of lead which deposits in the tank when 
the tinplate is first treated with acid, and the whole is then mixed 
with twice its bulk of small coal and heated ; chloride of tin 
distils over, and metallic lead is left. 


The cost of the process is thus estimated :— F 
rancs. 
1000 kilogs. of old tin plate at 60 francs. the metric ton 60 


300 yy hydrochloric, 3 ,, the1ookilogs. 9 
oo S nitricacid ,, 50 4, “ 15 
ao. = old zinc » 39 » ” 10; 


Labour . : i . ‘ ° ‘ . . 2 
Fuel , i i ° ° i . o 


Total 
The results of the process are :-— 


50 kilogs. of tin at 3 francs the kilog. ce ee oe 
800 » residual iron at 3 francs the 100 kilogs. 24 
Total 174 

Bull. Soc. Chim. Paris, xxi. 567, from Dingler’s Polytech. 
Fournal, ccxi. 469. 








_ Unalterable Alloy.—Jacos! patents the use of the follow- 
ing alloy, which possesses a yellowish red tint and may be used 
for objects of art, imitation jewellery, &c. 


Copper . a +S - 70 to 73 per cent. 
Tin . . ° ° - 2tolr me 
Lead . . . . tea.» 
Zinc . ° . o5to I ee 


When treated with polysulphides, chloride of antimony, chloride 
of arsenic, &c., this alloy becomes coated with a black patina 
capable of being polished. Bull. Soc. Chim. Paris, xxi. 382. 


Production of Patina on Bronze.—CuRISTOFLE and 
BOUILHET state that lead is not essential to the production of a 
fine black patina, and its presence is objectionable as it renders 
the bronze brittle. By means of appropriate reagents a patina 
of very variable colour can be produced ; thus silver goods can 
be produced with the natural colour bright or dead ; with a fine 
black-violet patina produced by chlorination; and with a fine 
black-brown patina obtained by sulphurization, Gold can be 
deadened by a slight sulphurization. Bronze can be covered 
with a black, red, brown, or green patina by suitable oxidation 
or sulphurization, Bull. Soc. Chim. Paris, xxit. 92. 


Aluminium Silver.—The following alloy takes a high 
polish, and exhibits a beautiful silvery colour :-— 


Copper . ° ° ° ° ° » 7O 
Nickel . ° c ° ‘i ° ~ 2g 
Aluminium é ° e ° ° a 


Les Mondes, 1874. 


Mercury Process for Gold Extraction.—W. F. 
BASSETT patents a condensive amalgamator for permeating 
sludge or tailings containing gold or silver with condensed 
mercurial vapour, any escape of which is prevented by finally 
forcing the sludge or tailings through liquid mercury. In this 
amalgamator the sludge or tailings are admitted and kept in a 
state of agitation by a revolving stirrer. The mercury is heated 
by a furnace in a retort, and the vapour is conveyed through a 
pipe or channel into the sludge, just below the surface. The 
sludge is subsequently forced through mercury, so as to recover 
any particles of the contained mercury likely to escape, by using 
a percolator. In this the sludge enters a tube or shaft, in which 
revolves an archimedean screw, the action of which is to force 
the sludge through acolumn of mercury. The amalgam is event- 
ually placed in the retort, and the vapour of mercury given off is 
— for treating a fresh supply of sludge. Jron, Fune 27th, 
1874. 

Scotch Gold.—A. H. CHURCH gives the following analysis 


of specimens of clean grain gold from a burn at Wanlockhead 
(No. 1), and from Sutherlandshire, (No. 2.) 


No. 15. 100 


(1) (2) 
Gold . . ° ° - 8660 * 79°22 
Silver . ° ° . - 12°39 20°78 
Iron. ° . . « OSs 

99°54 00°00 
Specific gravity at 16° . 16°50 16°62 


Chemical News, xxix. 209. 


§ 3. Dyeing, Calico Printing, Bleaching, Tanning, 
and allied subjects. 


Artificial Alizarin.—Messrs. Lucius and BRUNING 
describe the following process :—Anthracene fusing at 207-210° 
is heated for three hours with one quarter of its weight of potas- 
sium dichromate, and twelve parts of nitric acid sp. gr. 1°05, 
enamelled iron or earthen vessels being used ; the crude anthra- 
quinone thus produced is dissolved in six times its weight of 
nitric acid, sp. gr. 1°5 ; the solution should not deposit anthra- 
quinone on cooling, but should form a copious precipitate of nitro- 
anthraquinone on dilution with water ; this is collected, washed 
and dried, and then heated to between 170° and 220°, with nine 
to twelve parts of caustic soda ley at sp. gr. 1°3 to 1°4; the 
resulting mass is dissolved in boiling water, filtered boiling, and 
the alizarin contained in the filtrate precipitated by an acid ; the 
first precipitate is pure enough for use in dyeing ; pure alizarin 
can be obtained from it by means of ether or other solvents. 
Unaltered anthraquinone is left on the filter ; this is used over 
again. Bull. Soc. Chim. Paris, xxi. 576. 


Artificial Alizarin for Turkey Red.—P. RE@MER 
states that whilst with ordinary madder the oil-bath should be 
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followed by a tannin bath, in the case of artificial alizarin the 
oiled fabrics should be mordanted with alumina, the most con- 
venient bath being obtained by mixing solutions of 


Crystallized alum. . tIookilogs. 
Soda crystals. ; ; ae 


making the compound liquor of pan gravity 4° B. Cottons 
are left in this bath for a whole day, and are then carefully 
washed and passed into the tannin-alizarin bath, 500 grammes 
of tannin being used per 50 kilogs. of goods ; 100 grammes of 
chalk may be added with advantage if the water be not calca- 
reous ; this bath should be cold at first, then gently heated, and 
finally boiled for an hour. The goods may be then rosed with 
soap and rocou ; treatment with tin salts is only requisite for 
rose shades. 

The quantity of alizarin necessary per 50 kilogs. of goods is 
not stated; Gouillon calculates that as the artificial alizarin 
parts usually contain 10 to 15 per cent. of dye stuff, and madder 
about 14, whilst the weight of madder usually equals that of the 
goods to be dyed, from 5§ to 7°5 kilogs. of artificial alizarin will 
be required. Bull. Soc. Chim. Paris, xxi, 521, from Moniteur 
de la Teinture, 1874, 37. 


Madder Cultivation.—F. VERSMANN remarks that the 
red colouring matter is not found in the whole root but almost 
entirely in the outer part, the inner or woody part yielding 
scarcely any colouring matter at all. 

The colouring matter is not ready formed in the outer part of 
the root. Decaisne and Koechlin have shown that the colour- 
ing matter in the fresh root is yellow and becomes red under the 
oxidising influence of the air; this same process of oxidation 
takes place to a certain extent when the roots are left in the 
ground for several years ; and this loss of time is naturally one 
of the greatest disadvantages of madder cultivation and the 
cause of a slow and unsatisfactory return. 

In France the roots are left in the ground for two or three 
years, in Turkey and the East five and more years; in the 
Eastern countries the roots are merely dried in the open air and 
then exported without further preparation, while in France and 
Holland the roots are first artificially dried and then ground to 
powder. 

But even then the madder is not ready for immediate use, but 
is kept for another two or three years, when the colouring or 
dyeing strength is much improved. This of course is owing to 
chemical changes, which formerly were but little understood, 
and as, with prolonged keeping for years, these changes go on 
till the colouring power is seriously injured or almost destroyed, 
the article requires much care and attention. 

Much uncertainty and risk is thus involved in the cultivation 
of madder ; a crop which can only be gathered in at the end of 
two or three years, and which even then is not ready for imme- 
diate use and which, while growing, is subject sometimes to 
complete failure, is a very dangerous and unsatisfactory return 
for the capital and labour invested in its production. 


Aniline Colours on Linen.—Haisscu patents the 
following process for communicating to linen the aspect of silk. 
The goods are successively introduced into the following baths 
for ten minutes in each instance :— 


No. I. 
Tannin. : 1 kil. 
Water . 500 litres 
No. 2. 
Glycerine I kil. 
Water . 32 litres. 


A little white of egg may be advantageously added to No. 2; 
for very delicate shades No. 2 only is used. Bull. Soc. Chim. 
Paris, xxi. 570, from Moniteur de la Teinture. 


Manufacture of Orcin and Orceine.—VocT AND 
HENNINGER prepare these lichen dyestuffs by treating toluene 
(from coal tar, &c.) with chlorine or bromine, so as to obtain a 
monochlorinated or brominated product, which is then treated 
with strong sulphuric acid, so as to form a conjugated disulpho- 
acid. This crude product is treated with lime, to remove the 
excess of sulphuric acid, whereby calcium chloro or bromo- 
pwr gs mga is formed, which is converted into the cor- 

sponding sodium salt, by means of sulphate or carbonate of 

a; or the crude acid may be treated with common salt, 
whereby hydrochloric acid is expelled, and the free sulpho- 
acid is thus neutralized. The sodium salt is fused with twice 
its weight of soda or potash, either under pressure or at the 
ordinary atmospheric pressure; orcin and salicylate and cresy- 
late of soda or potash are then formed, the reaction taking 
place at 280°—300,.° The “ melt” is then dissolved in water and 
saturated with hydrochloric or sulphuric acid, and the resulting 





sulphate or chloride of sodium separated by crystallization ; 
the mother liquor contains the orcin, which is converted into 
orcéin by the action of ammonia, lime, and air. The colouring 
matter of the lichen is thus artificially produced by a process 
similar in character to the method whereby artificial alizarin is 
formed. Bull, Soc. Chim. xxi. 373. 


Tests for Blue, Yellow, Red, Green, and Violet 
Dyestuffs.—F. VoHL gives the following tests to be succes- 
sively applied : 

I, Blue. (1.) Citric acid or diluted hydrochloric acid changes 
the colour to red or orange Campeachy-wood blue. 

(2.) No change with citric acid, nor with a solution of bleach- 
ing powder ; Prussian blue. 

(3.) Bleached with bleaching powder, also with caustic 
soda . . Aniline blue. 

(4.) No change with caustic soda. - Indigo. 

Campeachy-wood blue is reddened by acids and restored by 
alkalies ; on incineration a white or greyish ash is left, if alum- 
ina be the mordant, grey if copper. Prussian blue gives ferric 
oxide on incineration. No ash (save that due to the fabric) is 
- = aniline blue or indigo ; the former can be extracted with 
alcohol. 

II. Yellow. (1.) A slightly acid solution of ferrocyanide of 
potassium gives a blue tint Rust or oxide of tron. 

(2.) Solution of potassium cyanide gives a blood red. Picric acid. 

(3.) Boiling solution of soap (0°5 per cent. of soap) gives a 


reddish brown colouration restored by acids Turmeric. 
(4.) do. gives a very dark colouration Yellow wood. 
(5.) Decolourized by boiling sulphuric acid . Gaude. 


(6.) Not decolourized by a acid ; changed to orange 
with boiling tin salts . ; Grains of Persia. 

(7.) do., no change with do. i 

(8.) Changed to blueish green by sulphuric acid . 

Annatto is not decolourized by chlorine. 

III. Red. (1.) Boiling soap decolourizes, colour not restored 
by lemon juice Carthamus. 

(2.) do., colour restored by do., but not so deep . Aniline Red. 

(3.) do., colour becomes reddish yellow or pure yellow with 
lemon juice ° Cochineal or Brazilwood. 

(4.) No change with boiling soap, ammonia, lemon juice and 
tin salts with diluted hydrochloric acid Madder. 

Strong sulphuric acid changes the colour of goods dyed with 
Brazil wood, to a cherry red ; with cochineal to a yellow orange. 

IV. Green. Three sorts of colour are in use, viz., those due to 
a mixture of a blue and a yellow, aldehyde green, and iodine 
green : of the first class, indigo and picric acid or other yellow 
dyes ; Prussian blue and picric acid or other yellow dyestuffs ; 
and aniline blue and picric acid or other yellow dyestuffs form the 
chief varieties. 

If alcohol dissolve out a green colour, aniline blue and a 
yellow soluble in alcohol are present (aniline greens being 
absent) ; heat on the water bath for some minutes with 95 per 
cent. alcohol. 

(A.) The alcohol becomes yellow, the fabric remaining blue ; 
the blue colour is indigo or Prussian blue ; extract all the colour 
that alcohol will take out and test the fabric with bleaching 
powder. 

Indigo is bleached, Prussian blue unchanged ; the yellow dye- 
stuff extracted by the alcohol is tested as above. 

(B.) The alcohol becomes green, the fabric remaining green, 
but paler. 

(1.) Boil with dilute hydrochloric acid ; the tint becomes rose 
or lilac Lodine green. 

(2.) do., fabric decolourizedor changed to yellow Aldehyde green. 

(3. ) do., the liquid becomes yellow whilst the fabric becomes 

. Aniline blue and a yellow dye. 

The yellow ‘dyestuff i in this case is characterized as above. 

V. Violet. (1.) Bleaching powder no result ° Alkanet. 

(2.) Bleaching — bleaches the tint : lemon juice brightens 
the tint . ‘ Lodine violet or Aniline violet. 

(3.) do., lemon j juice changes to red or yellow Madder 
violet, Archit, cochineal, Campeuachy violet. 

With madder, bleaching powder yields a yellow tint, with 
cochineal the colour is quite destroyed ; the bleached fabric be- 
comes blue, after washing with ferrocyanide of potassium, from 
the iron mordant in these two cases. With campeachy violet 
milk of lime first changes to grey and finally renders nearly 
colourless, whilst with archil it produces a blue-violet. 

Hydrochloric acid diluted with three volumes of water changes ~ 
ordinary aniline violet to a blue-violet, becoming reddish after 
washing, and converts iodine violet into a greenish shade, be- 
coming pale lilac or grey after washing. 

On incineration ashes containing iron indicate madder or 
cochineal (iron mordant) ; white ashes archil or campeachy- 
wood ; no ashes save those due to the fabric, aniline violets.— 


Quercitron. 
Annatto. 
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Bull. Soc. Chim. Paris, xxii. 93, from Archiv. fiir Pharmacie, 
[3], 2v. 64. 


Fixation of Colours on Nitrogenous Textile 
Fabrics.—E. JACQUENIN ascribes the difference between 
animal and vegetable fabrics as to their power of taking up 
aniline dyestuffs without a mordant, to the presence of nitrogen in 
the former class of substances; hence the use of albumin in 
“animalizing” cotton, linen, &c., for the better reception of 
these dyestuffs. Gun-cotton, or cotton altered by treatment 
with nitric and sulphuric acids, contains nitrogen as an essen- | 
tial constituent, and is capable of taking up aniline dyes (fuchsine 
or aniline blue) just as silk or wool ; oxamide, however, does not 
take up fuchsine at 80°. [This substance, however, is not a tex- 
tile fabric, but possesses a wholly different structure.] Bulletin 
Soc. Chim. Paris, xxi. 487. 





To Distinguish Phormium Fibres from Linen, 
Flax, &c.—E. VITREBERT plunges the textile fabric into an 
aqueous solution of an aniline colour (such as fuchsine or aniline 
blue) containing about a decigramme of colouring matter per litre, 
for several hours in the cold, or for a few seconds at 70°—8o° ; 
after thorough washing the phormium fibres are strongly dyed, 
whilst the others are but little altered. 

Ammonia restores the natural colour to bleached phormium 
fibres, but has no perceptible action on flax. Bu//, Soc. Chim. 
Paris, xxt. 545. 


Treatment of Silks, Foulards, &c., for the Re- 
moval of Straw and other Vegetable Tissues.— 
FREZON and BEER patent the following process: The goods 
are immersed in an acidulated bath (sulphuric acid being pre- 
ferably employed) more or less rich in acid, according to the 
quality of the tissue; they are then exposed to a temperature 
which is raised to an extent varying inversely with the acidity of 
the bath. For woollens the bath may be at 70° to go°, the acid 
being from 1° to 10°; ditto for silks. Bu//. Soc. Chim. Paris, xxi. 
336. 
DUCLOS, LECHARTIER, and RAULIN remark that in 1853 
Fenton and Crom took out a patent in England for the destruc- 
tion of cotton and other vegetable fibres in wool by means of 
acids; in 1854, Izart and Lecoup reduced this process to a 
practical method, and noticed that it is applicable to all sorts of 
woollen goods, either in the raw state or at any period in its 
subsequent industrial transformations. Till within a recent 
period the fragments of straw, &c., intermingled with fleeces, 
and thence intermixed with woollen fabrics, were removed by 
hand in special workshops for the purpose, but at the present 
day chemical treatment with acids is used instead, either before 
or after carding and spinning. 

The following industrial process has been arrived at from 
practical experience. The woollens, or wools, are immersed in 
a bath of sulphuric acid at 3°—4° B., and then dried by a cen- 
trifugal machine; finally they are heated to about 100° for a 
long time; the straw is thus carbonized, whilst the wool is 
unaltered ; all that is then necessary is to remove the acid by 
washing, and to proceed with the process of manufacture, 
whereby the carbonized matters are reduced to dust. 

In order to prevent the destruction of the wool fibre itself, 
various metallic solutions have been from time to time employed 
as preservative baths; in particular, salts of zinc, aluminium, and 
tin; the authors have carefully examined the action of sub- 
stances of this kind, particularly aluminium and tin compounds, 
and find that when two specimens of woollen goods are treated 
with the same acid, the one being “ protected” by a previous 
immersion in the metallic bath, and the other being unprotected, 
there is no perceptible difference between the two; z#.e. the acid 
either acts equally on both or affects neither. The idea of the 
protective action has arisen from a f#riorz reasoning, and not 
from experience, the power of metallic oxides of this description 
to act as mordants having been taken to indicate the possibility 
of such a protective action rather than its actual existence. In 
these experiments it was noticed that the colours of the “ pro- 
tected” specimen after treatment differed more from those of 
the normal wools than did those of the unprotected samples, 
and the colours were irregular and streaked with different shades, 
whilst those of the unprotected specimens were uniform and 
nearly identical ; even with a minimum dose of 1 kilog. tin salts 
per 800 litres of water, these effects were noticeable, clear grey 
and ashy blue shades being developed. Hence ¢he so-called 
protective baths are not merely useless, but are also productive 
of serious inconveniences as regards the further processes of dye- 
ang, &¢. 

Thnachies powder acts energetically on wool, and therefore 
cannot be used ; moreover it does not effect the destruction of 





the vegetable tissues. The chief vegetable acids do not act on | 


straw ; nevertheless all these and several other equally useless 
substances have been from time to time patented as straw- 
destroying agents. 

The authors have experimented on the necessity of removing 
the acid as far as possible by a centrifugal machine, a part of 
the process which it would be well to avoid if practicable ; 
they find that fleeces simply dipped in diluted sulphuric acid 


| and wrung out by hand, so as to retain about their own weight 


of liquid, are very perceptibly deteriorated by the action of the 
heated acid, which of course becomes concentrated by evapo- 
ration; whilst fleeces only drained are decidedly injured in tex- 
ture and in uniformity of tint; centrifugal machinery is there- 


| fore a necessity. 


The authors have also examined the action of various strengths 
of acid solution at various temperatures on woollens of various 
degrees of fineness and containing variable amounts of straw ; 
and although one specimen of wool naturally differs a little 
from another, yet the difference is not extremely great, and 
it ts quite possible to treat simultaneously in one and the same 
bath very different kinds of materials. Experimenting with 
acids varying from § litre to 17 litres of sulphuric acid per 
100 litres of water, the following general results are arrived at : 
2 litres of acid per 100 of water give good results where the 
goods are subsequently heated to 110° for two hours ; with only 
} litre of acid the straw is not thoroughly attacked, whilst with 
17 litres the wool is considerably altered and carbonized at the 
edges ; on washing it falls to pieces. 

On dyeing the wools thus treated with various shades (clear 
grey, iron grey, ashy blue, scarlet, golden yellow, green, chest- 
nut brown, &c.), it was noticed in general that the colours of 
the specimens treated with acid approached the more nearly to 
those of the same wools not thus treated, the less the dose of 
acid, the less elevated the temperature, and the shorter the time 
of staying in the hot stove; within certain limits in these respects 
the colours were identical in each case; outside these limits 
the tints became pale and lustreless, less regular, and streaked 
with foreign shades; the effect differing with differing colours. 
The following table gives a clear idea of the limits which must 
not be overpassed in the industrial process from the triple point 
of view of destructive action on straw, solidity of the stuff, and 
its dyeing qualities :-— 

Temperature of 
stove, 


Amount of acid required for two hours’ 
eating in the stove. 


wc . From 14 to 44 litres per 100 of water. 
110° C, From 1 to 3 am ee 

150° C, From {tor x i 

Amount of acid required for a half hour’s 
heating in the stove. 

orc: «4 From 3 to7 litres per 100 of water. 
mo <. .. From I} to 44 . 
150° C, From 1 to 1; ~ = 


VIOLETTE has repeated and verified a large number of the 
foregoing experiments on a manufacturing scale, and has arrived 
at results agreeing perfectly with those of the authors. did. 
XX. Dp. 337. 


§ 4. Food and Sanitary Matters. 


Wine from Wine Lees.—L. ERCKMANN gives the fol- 
lowing process for concocting a “ wine” from thick semi-liquid 
lees. The following mixture— 


Lees . ° . 
Water ow 
Potato sugar . 


100 litres. 
500 » 
150 lbs. 
is allowed to ferment at 18°—25° for two or three weeks ; to 
every 100 litres of liquor 2 litres of 90 per cent. alcohol are added, 
and 100 grammes of tannin dissolved in water; the whole is then 
allowed to stand for four weeks to clarify, when it is drawn off 
into casks fumigated with sulphur; a little isinglass must be 
added if the liquor has not cleared spontaneously. 

To colour the “ wine” burnt sugar is used, whilst an addition 
of 4 lbs. of raisins to every 100 litres improves the flavour con- 


siderably. Chem. Soc. Fournal, 1874, 724, from Chemisches 
Centralblatt. 


Estimation of Alcohol in Wine.—DvucLau proposes 
to estimate the alcoholic richness of wines by counting the num- 
ber of drops that form at the mouth of a pipette containing 5 ccs. 
of the liquid to be examined ; the more alcohol is present the 
smaller the drops and the greater their number ; by means of 
tables constructed for the purpose the strength can be deter- 
mined, the temperature being also known ; with special tables it 
is not necessary to distil the liquor. Comptes Rendus, 78, 951. 
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SALLERON proposes an analogous instrument, wherein the 
weight of a given number of drops (usually 20) is taken ; thus 


Alcoholic strength. Weight of 20 drops. Difference. 
O per cent. I gramme = 
I » o°949 » § outs 
a ies 0895 4 0°045 
3 » 0858 ,, 0'037 
’ ae 0826 ,, 0°032 
5 ” 0°797 ” 0°029 


Alcohol at 86 per cent. gives drops weighing 16 milligrammes 
each. Alcoholic tinctures prepared with this alcohol give drops 
of the same weight; drops of ether weigh 11 milligrammes, 
those of vegetable oils about 20 milligrammes ; aqueous solu- 
tions of sugar at 10, 20 and 40 per cent. all give drops of the same 
weight as distilled water, viz. 50 milligrammes, similarly with 
solutions of ammonia and of hydrochloric acid of sp. gr. 1°17 ; on 
the other hand caustic ley of 36° B. gives drops weighing 64 
milligrammes. 

With ordinary wines, the error introduced by the dissolved 
substances is negligible ; the dropping instrument enables the 
strength of weak alcoholic liquors to be taken very exactly, and 
it is just this point wherein lies the weakness of the ordinary 
hydrometers. Comptes Rendus, 78, 1147. 


Clarification of Beer.—FeEscHotte patents the use of a 
liquid, to which he applies the term diw/ds¢s, for the clarification 
of beer ; this substance is composed of fish glue, tartaric acid, 
and carbonate of soda. Bull. Soc. Chim. Paris, xxii. 46. 


Purification of Sugar and Saccharine Juices.— 
MAXWELL-LYTE proposes to eliminate the alkaline and earthy 
salts present in saccharine juices which prevent the crystallization 
of the sugar contained, by the addition of a soluble fluoride such 
as ammonium fluoride, in quantity known from a previous estima- 
tion. Hydrofluoric acid, set free if the juice is acid, is neutralized 
by baryta. Soluble silicofluorides together with ammonia may 
also be employed. Bull. Soc. Chim. Paris, xxii. 48. 


Clarification of Muddy Water.—D. WALDIE discusses 
the construction of certain forms of filter beds and their relative 
advantages. Coarse, gritty sands, such as those commonly 
used in England, are insufficient for water containing much very 
finely divided matter, such as that used for the Calcutta water 
supply ; fine kinds, on the other hand, are liable to choke. The 
more or less rapid subsidence of mud depends, amongst other 
things, on the quantity and nature of the saline matters 
dissolved in the water. The following table shows the approxi- 
mate quantities of various salts found to produce equal effects 
in clarifying muddy water :— 


Number of 
equivalents. Absolute weight. 
Chloride of sodium. » 40°0 4680 
Hydrate of potash ° . 50 560 
Bicarbonate of soda . : 40 672 
Acetic acid . ee . 30 360 
Sulphuric acid. ~ % 29 196 
Chloride of calcium. F 2°0 222 
ee magnesium : 2'0 182 
a barium. x 1'0 208 
Nitric acid . i . 1°5 189 
Carbonate of lime dissolved 
in carbonic acid ; 1‘0 100 
Carbonate of magnesia dis- 
solved in carbonic acid ‘0 84 
Sulphate oflime. .  . 10 136 
_ manganese . 0°5 75 
“ copper . . 02 32 
Ferrous sulphate . : , O15 23 
Ferrous carbonate dissolved 
by carbonic acid. : O15 17 
Alum . 4 . e 0°05 8 
Chloride of aluminium ° 0°05 44 
Ferric chloride . + 0025 23 


Chloride of potassium, sulphate and acetate of potash, and 
phosphate of soda are about as efficacious as chloride of sodium. 
—Chemical News, xxx. 37. 


Use of Iron instead of Lead Shot for cleansing 
Bottles.—ForbDos states that the use of lead shot in cleansing 
bottles is somewhat dangerous, inasmuch as the oxide or carbo- 
nate of lead formed often adheres to the inside of the vessel, and 
becoming dissolved in the wine or other fluid subsequently 
bottled, renders this more or less injurious to health; besides 
whole shot are not unfrequently left in the bottles, which of course 
renders this evil result much more marked. To remedy this 


danger, iron is proposed as a substitute ; rods or wires are cut up . 








into short lengths of 4 or § millimetres ; Nos. 16,17 and 18 
wires give a kind of shot which answers well for phials, whilst 
20 and 22 (especially the latter) serve for wine bottles. For 
rinsing the iron is even preferable to shot, being more effective. 
Any resulting oxide of iron is readily washed out from the 
bottles with water, whereas oxide of lead often adheres firmly 
to the glass, the colour of most wines is unaffected, even if a 
minute trace of iron should remain ; in the case of Champagnes, 
however, ¢z shot may be, and indeed sometimes are, used instead 
of lead. Bull. Soc. Chim. Paris, xxt. 530. 


Spongy Iron as a Water Purifier.—Gustav BIscHOF 
has experimentally investigated the following properties of spongy 
iron :— 

1. It decomposes water—even distilled water—which has 
been previously boiled. The decomposition of water is more 
energetic at the boiling point. 

2. It reduces nitric acid to ammonia. This was proved in 
the following manner :—One of Fresenius’s tubulated cylinders 
for washing gases was filled with spongy iron, and the latter 
washed with pure distilled water free from ammonia. No 
ammonia could be detected in the wash-water by the Nessler 
reagent. Then a solution of saltpetre, containing 5 m. gr. of 
nitrogen per litre, and free from ammonia, was slowly filtered 
through the spongy iron at the rate of one volume of the fluid, 
equal to the volume of spongy iron in the filters in three hours. 
The filtrate contained 1°4 m. gr. of nitrogen per litre in the state 
of ammonia, or 28 per cent. of the equivalent quantity of nitric 
acid contained in the liquid. 

3. From the fact that organic nitrogen and albuminoid am- 
monia are always much reduced after filtration through spongy 
iron, the conclusion must be drawn that spongy iron is capable 
of decomposing nitrogenous organic matter. Also the organic 
carbon is very considerably reduced by filtration through spongy 
iron, 

4. A minute, almost constant, quantity of iron, about 10 m. gr. 
per litre, is dissolved by means of the carbonic acid contained in 
water, when filtering it through spongy iron, forming ferrous 
carbonate. The latter is very soon oxidized and precipitated, 
and it may then be so completely separated from the water by 
mechanical filtration through paper or sand, or by allowing it 
to subside, that potassium ferri-cyanide no longer indicates a 
trace of it. 

If the water containing iron in solution be made to pass 
through a layer of finely divided marble, or ordinary limestone, 
the iron is retained at once as ferric hydrate. 

The quantity of iron dissolved is of practical interest as re- 
gards the purification, inasmuch as the purification is more 
energetic, if by passing carbonic acid into a water the quantity 
of iron dissolved be increased. ‘This is proved by direct experi- 
ments. 

5. The purification of water increases slightly for some five or 
six ~ after the filtration through spongy iron has been com- 
pleted. 

6. If the iron be prevented from dissolving by adding to the 
water before filtration a minute quantity of sodium carbonate, 
the purifying power of spongy iron is considerably diminished. 

7. The purifying action of spongy iron on organic matter is 
more energetic in hot weather than in winter, when the tem- 
perature of the water is frequently below the point (5° or 8°) 
at which fermentation ceases almost completely. These points 
appear to confirm the opinion that the action of spongy iron on 
impure water is twofold—namely, chemical and mechanical. 
The chemical action must be found in its decomposition of 
water, to which is probably owing, in part at least, the decom- 
position of nitrites and nitrates, and the direct combination of 
nascent hydrogen with the nitrogen, to form ammonia. The 
readiest explanation for the decomposition of water is the inti- 
mate contact between electro-positive and electro-negative 
bodies, such as metallic iron and carbon, or even metallic iron 
and any ferric oxide which has escaped reduction ; and it may 
be well supposed that, consequent to the galvanic current thus 
produced, the atmospheric oxygen dissolved in water is ozonized, 
and caused to act as a powerful oxidizing agent.—Jron, Fuly 
4th, 1874. 


Ammoniacal and Nitrogenous Manures.—LaweEs 
and GILBERT find that when an increase of barley is obtained 
by means of artificial manures, such as salts of ammonia, nitrate 
of soda, or Peruvian guano, an increase of one bushel of grain, 
and its straw, may, taking the average of seasons, be calculated 
upon for every 2 to 24 lbs. of ammonia (or its equivalent of nitro- 
gen, 1°65 to 1°86 lbs.) supplied in the manure—provided the 
quantity applied be not excessive, and there be no deficiency of 
mineral constituents within the soil. When, however, rape-cake 
is used, rather more nitrogen in that form will be required to 
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yield a given increase; but when the increase is obtained by 
sheep-folding, or by farmyard manure, very much less increase 
will be yielded in the year of the application, in proportion to the 
nitrogen contained inthe manure. As a general rule, applicable 
to the country at large on the heavier soils, full crops of barley, of 
good quality, may be grown with great certainty after a pre- 
ceding corn crop, under the following conditions :— 

First of all, it is essential that the land be got into good tilth. 
It should be ploughed up when dry, as soon as practicable after 
the removal of the preceding crop. In the spring it should be 
prepared for sowing, by ploughing or scuffling, as early in March 
as possible, if sufficiently dry. 

The artificial manure employed should contain nitrogen, as 
ammonia or nitrate (or organic matter), and phosphates. 

From 40 to 50 lbs. of ammonia (or its equivalent of nitrogen 
as nitrate) should be applied per acre. These quantities would 
be supplied in— ; 

1% to 2 cwts. of sulphate ammonia, or— 
13 to 2} cwts. of nitrate of soda. 


With either of these there should be employed— 
2 to 3 cwts. mineral superphosphate of lime. 


Rape-cake is also a good manure for barley. From 6 to 8 
cwts. would supply about as much nitrogen as would be equal to 
from 40 to 50 lbs. of ammonia. But, a smaller proportion of the 
nitrogen of rape-cake, than of sulphate of ammonia, nitrate of 
soda, or Peruvian guano, will be effective within a given time. 
In experiments made at Rothamsted about 9 cwts. of rape-cake 
per acre per annum, gave an average annual produce over four- 
teen years in succession, of 44 bushels of dressed corn, of nearly 
55 lbs. per bushel. With rape-cake, as with guano, the addition 
of superphosphate is unnecessary. 

In the case of wheat, approximately 5 lbs. of ammonia, or its 
equivalent of nitrogen, are on the average required to yield 1 
bushel increase of wheat, and its proportion of straw. Now, I 
bushel of wheat may be reckoned to weigh 61 lbs., and its average 
proportion of straw 105 lbs. Thus, whilst from 2 to 2% lbs. of 
ammonia in manure will yield 52 lbs. barley-grain, and 63 Ibs. 
straw=115 lbs. total produce, it requires 5 lbs. to yield 61 lbs. of 
wheat-grain, and 105 lbs, straw=166 lbs. total produce. 

It requires much more nitrogen in manure to yield a given 
amount of increase of produce when applied in the autumn for 
wheat, than when in the spring for barley. ournal of the 
Agricultural Society. 


§ 5. Fuel, Heating, Illumination, &. 


Russian Coals.—ScHEURER-KESTNER and MEUNIER- 
DOLLFUS state that the coal deposits of the Donnetz and Toula 
basins are of great magnitude, and will in future replace English 
coal in the Black Sea and some parts of the Mediterranean, as 
soon as effective means of transport to the sea of Azof are com- 

leted. 
° The following analyses represent the composition of different 
varieties of deposit :— 








Anthracite. Coal. Coal. Lignite. 
Carbon . gt'20 = 89°97, «77°47 54°33 
Hydrogen ee 4°43 4°75 4°49 
Oxygen and nitro- 
gen, with a trace 
of sulphur . 1°88 3°98 11°48 14°89 
Ash : rey 0'23 1°42 16°86 
Moisture 4°08 1°36 4°88 9°39 
100°00 += 100'00_-=—s:«I00'00_~—s—« 10000 
Coke left on incineration 
in closed vessels, per cent. 91 80 60 60 





Many large coal seams occur where not more than 2 to 3 per 
cent. of ash are present throughout the mass. 

It is impossible to predict the heat of combustion of a given 
sample of coal by merely knowing its ultimate analysis; two 
samples may be known almost identical in composition and yet 
differing 5 per cent. or more in their heats of combustion : certain 
lignites give a number for the heat of combustion less than that 
indicated by the “law of Dulong” on the subject ; some coals, 
on the other hand, give values nearly equal to the sum of the 
amounts of combustible elements (carbon and hydrogen) present, 
no deduction being made for the oxygen also present. Sulletin 
Soc. Chim. Paris, xxi. 402. 


Coal in Sutherlandshire.—WILLIAM PAyNE states 
that gold of excellent quality has been found in Sutherlandshire, 
and worked to a considerable extent, and although the diggings 





have been discontinued, there is no reason to suppose that they 
have been abandoned, but merely postponed to more important 
enterprise. Coal, ironstone, limestone, and bituminous shales 
are at present being taken from the oolitic system of Brora, 
forming a most remarkable conjunction of geological deposits. 

The coal seam which is now being worked in Brora, at a 
depth of from 270 ft. to 300 ft. from the surface, is about 3 ft. 
6 in. thick, and forms the upper part of the lower oolite. It 
has a dip south-east of one in four+-a dip which forms a serious 
difficulty in the process of mining. There are also several 
smaller seams of coal. The oolitic rocks of Brora, consisting of 
limestones, shales, coals, ironstone, and fireclay, are similar to, 
and on the. same geological horizon as, the lower oolites of 
Yorkshire, which embrace the limestones, shales, coal, and iron- 
stone of Scarborough, Gristhorpe, &c., and the workable coal 
of the Peak, Stainton Dale, and Haiburn Wyke. 

On the north-west the coal is shut off by the Silurian rocks ; 
on the east and south-east coast near Brora it rises to the 
surface, and is seen at low water. It is thus, apparently, limited 
on every side. 

The coal hitherto found is not of a superior quality, as may be 
seen from the following analysis :—The steam coal has of fixed 
carbon 49°24 per cent.; volatile matter, 26°50; sulphur, 6°40 ; 
moisture, 4°20; ash, 13°66; specific gravity, 1°38 per cent. ; 
approximate heating power, 6°85 lb. The best picked coal has 
of fixed carbon 49°60 per cent. ; of volatile matter, 32°70; of 
sulphur, 4°40 ; of moisture, 4°00 ; of ash, 9°30; specific gravity, 
1°32 per cent. ; approximate heating power, 6’90 lb. The roof 
bed of the main seam consists of 5 ft. of impure limestone, 
which forms the lower part of the middle oolite, and it abounds 
in marine fossils. The above contains as much as 92 per cent. 
of the carbonate of lime. Above this stratum are strata of fine 
clay, with hard limestone bands which are crowded with ammo- 
nites and other finely-developed specimens. 

The shales on which the coal bed lies are more or less bitumi- 
nous or carbonaceous. These shales are about 7 ft. deep. 
There are several thin seams of coal and of clay in them. The 
oils obtained from these shales, although of no great value for 
light, are found to be valuable for fuel, and will be useful for 
smelting. There is a six-inch seam of shale immediately below 
the main coal bed capable of yielding 60 gallons of oil per ton ; 
but so poor are the other seams that the average yield of oil 
cannot be more than Io gallons per ton. A similar remark 
applies to the lower seams of coal. In thickness, also, they are 
of no great account, being only six-inch, seven-inch, and sixteen- 
inch respectively. 

The ironstone found at Brora has yielded carbonate of iron, 
57°25 per cent. ; carbonate of lime, 7°66 per cent. ; carbonate of 
magnesia, 3°32 per cent.; metallic iron, 30°77 per cent. Total, 
100 per cent. 

The following is a general section of the Brora coal field from 
the surface downwards :—Clay with bands of lime. Limestone, 
5 ft. ; coal, 3 ft. 6 in.; shale, 7 ft.; fireclay, 30 ft. ; containing 
band of ironstone, 9 in. Total depth of section, 46 ft. 3 in. 
Tron, Fune 27th, 1874, p. 810. 


Chloroform as a Fire-Extinguisher.—MOIGNo states 
that the addition of one part of chloroform to five of petroleum 
renders the mixture incombustible until the chloroform has 
evaporated away ; on throwing 50 cubic centimetres of chloro- 
form on to a litre of burning petroleum, exposing a surface of 10 
square centimetres, the flame was extinguished. Chemical 
News, xxx. 31, from Les Mondes. 


New Evaporator.—CHAUCLET patents a new form of 
water bath evaporator for the preparation of gallic acid and analo- 
gous substances, possessed of the following advantages. Too 
large a surface is not exposed to the air, whereby cooling of the 
liquid to be evaporated is rendered less imminent ; a consider- 
able heating surface is produced in a smaller space ; the evapo- 
rating pan is of copper, wherefore the liquid to be evaporated is 
not brought into contact with iron ; and the water produced by 
the condensation of the vapour is retained in an external envelope. 
Bull. Soc. Chim. Paris, xxit. 43. 


Preparation of Stearic and Oleic Acids from Neu- 
tral Fats.—Bock patents the destruction of the envelopes of 
cellular tissue in which natural fat globules occur, and of 
gelatine, fibrine, &c., in crude fats, by sulphuric acid. The fatty 
matters are melted by steam in a lead-lined wooden vat capable 
of holding 2,000 to 3,000 kilogrammes ; when the fat is at a 
temperature of 110° to 115°, sulphuric acid at 66° B. is run in in 
quantity varying according to circumstances : with 6 per cent. 
of acid, three to four minutes’ contact suffice; with 4 or 3 
per cent., a longer time is required: fresh suet requires more 
acid than old grease. 

When the mass has become violet, a quarter or a third by 
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volume of water is run in, and the whole boiled so as to saponify 
the fats, after which the whole is allowed to stand, and the 
dilute acid run off. In order to complete the alteration of the 


enveloping matters, more or less blackened by the acid, oxida- 


tion by means of 2 per cent. of natural manganese or per- | 


manganate, and 1 per cent. of sulphuric acid, is resorted to ; 
the whole is allowed to boil for four to five hours, and then to 
stand for a night. Binoxide of hydrogen (oxygenated water) 
also gives good results. Bull. Soc. Chim. Paris, xxii. 47. 


Safety Lamps.—Ga.tLoway has succeeded in proving 
that when a wave of sound of sufficient amplitude is made to 


travel through an explosive mixture of air and fire-damp, or analo- | 


gous explosive gaseous mixture, in which a Davy’s safety lamp is 
burning, the flame of the lamp is passed through the wire gauze, 
and fires the explosive mixture. This is apart from any current 
in the air mechanically blowing or drawing the flame through the 
gauze ; this fact renders a clear account of the cause of many 
colliery explosions otherwise apparently inexplicable. It results 
from this fact that the Davy lamp proper, and analogously con- 
structed lamps, which are not extinguished by explosive gases, 
are extremely unsafe in fiery workings, and in any workings 
where shots are fired ; the concussion of the air, especially from 
a blown-out shot, may readily dislodge explosive gas from holes 
and crannies where it lurks, notwithstanding good ventilation 
currents, and may simultaneously cause the flame of a lamp to 
come in contact with the gas, thereby causing an explosion. 
Lamps like the “safety lanterns” of Stephenson, Muesler, &c., 
which are extinguished in an explosive mixture, are far safer 
than lamps like the Davy or Clanny, which continue to burn 
under the same circumstances. Wature, Fuly 23rd, 1874, p. 224. 


Disinfecting Candles.—A. E. Wess patents the manu- 
facture of candles prepared with tallow, &c., to which chloride of 
iodine has been added: on burning these evolve disinfecting 
vapours (of iodine?). Bull. Soc. Chim. Paris, xxit. 141. 


§ 6. Miscellaneous. 
Hydraulic Cement.—The White Cement Joint Stock 


Company (Weiss-Cement-Actien-Gesellschaft) patent the pre- | 


paration of cement from dolomitic limestone, containing 25 per 
cent. of carbonate of magnesia or other minerals or industrial 
products formed in great measure of this salt. These substances 
are gently heated to 408° either in lumps or in artificially-shaped 
masses ; at this temperature (intermediate between the fusing 
points of zinc and antimony) the carbonate of magnesia is wholly 
decomposed in 24 hours, whilst the carbonate of lime remains 
unchanged. The heated substance is powdered, and thus a 
cement is obtained which, when made into a paste with water, 
hardens after some weeks; double its weight of sand may be 
mixed with the cement. Bud/. Soc. Chim. Paris, xxi. 527. 


Devitrification of Glass.—E. PELIGor states that at 
Blanzy there is a bottle factory where the ordinary crucibles are 
replaced by a gas furnace 6°5 metres long, 2 broad, and 0°45 
deep, in which 12,000 kilogs. (12 metric tons) are melted at once. 
Crystalline geodes form in this furnace on cooling, especially at 
the angles ; by the examination of the crystalline portion it is 
found that devitrification consists not in a mere molecular re- 
arrangement without change of composition, as supposed by 
some, but in an entire alteration of the character of the substance. 
The following analysis indicates this :— 

Isolated crystals 





Transparent glass 








from devitrified from which these Normal bottle 
glass. crystals separated. glass. 
Silica 62°3 61°38 62°5 
Lime 22°7 21°5 21°3 
Magnesia 8-4 54 56 
Oxide of iron 3°2 30 30 
Alumina 2°5 2°I 2°I 
Soda o'9 62 55 
100°0 100°0 100°0 


The devitrified glass is thus much richer in magnesia and poorer 
in soda than normal glass ; it melts at a higher temperature. 

The richer in lime, and especially in magnesia, the glass is, the 
more subject it is to devitrification: at Blanzy a magnesian 
limestone containing 20 per cent. of carbonate of magnesia is 
employed. Greater fusibility is thereby gained, which is 
an advantage as regards saving of fuel; but greater speed is 
requisite in working the glass, otherwise it is deteriorated. 
Comptes Rendus, lxxviit. 386. 


Preservation of Wood.—Hatzri£ELD substitutes for the 
sulphate of copper or creosote usually employed for this purpose, 


ferrous tannate, which possesses the advantages that it does not 
lose its protective action after a time, nor is there any difficulty 
in its application. The sap of most wood contains gummy albu- 
minous matters which afford a lodging and nourishment to para- 
sites of various kinds, and bring about the destruction of the 
timber : to convert these into insoluble unalterable compounds 
tannin alone does not suffice ; but soluble ferrous tannate effects 


| the change readily, becomes converted into insoluble ferric 
| tannate by oxidation ; thus a sort of petrifaction is brought about, 
| which greatly augments the unalterability produced by the 





tannin alone. The tannin liquor may also be used first, and 
a treatment with a ferrous salt subsequently ; the pyrolignite 
appears to be the most suitable iron salt. Jézd. 416. 

BOUCHERIE thinks that ferrous tannate causes the alteration 
of cellulose instead of preserving it; blocks of wood thus treated 
could not resist the action of moisture. Sulphate of copper gives 
good results, but sometimes wood is not thereby preserved, 
either because the wood itself was affected previously, or be- 
cause the sulphate of copper contained sulphate of iron; 5 to 6 
per cent. of this latter salt make the copper compound unfit for 
use and necessitate its purification. /dzd. 487. 

HUBERT regards ferric oxide as the best agent for this pur- 
pose. To impregnate the wood, long thin nails are hammered 
in, or iron bands fixed round the timber; these gradually rust, 
and impregnate the wood in a uniform and permanent way. 
Comptes Rendus, lxxvitt. 1112. 


Purification of Crude Glycerine.—J. CasTHELAz 
states that the chief impurities of glycerine obtained from fats by 
saponification, and more especially by distillation, are calcareous 
salts and fatty acids, either free or combined with lime or other 
bases, and more or less oxidized ; the evil odour and bad colour 
of these crude glycerines are chiefly due to these impurities. To 
remove the limesalts, oxalic acid or oxalate of ammonia may be 
used, but these purifying agents are expensive and imperfect in 
their action : the use of sulphate of alumina and carbonate of lime 
is greatly to be recommended, these substances being cheaper 
and more effective. _ 

Crude glycerine at 28° is diluted to 14° or 15° B. by addition 
of water, I, 2 or 3 per cent. of sulphate of alumina added, and the 
whole boiled for half an hour ; the whole is allowed to cool and 
settle, and finally filtered or decanted. The clarified liquor is 
usually acid to test paper ; 1,2 or 3 per cent. of carbonate of 
lime is added to the boiling liquor, and the whole allowed to 
deposit, and finally filtered and evaporated to 28°: by filtration 
through animal charcoal a perfectly white inodorous glycerine is 
thus produced. This method depends on the following reaction : 
precipitation of calcareous salts by the sulphate of alumina as 
sulphate of calcium, with separation of alumina and fatty acids, 
which partially precipitate together ; nextly, the carbonate of 
lime throws down the remaining alumina and fatty acids, toge- 
ther with colouring matter mechanically drawn down by the 
soapy precipitate. If perfect freedom from lime is required, 4, 
3) or I per cent. of oxalic acid, oxalate of ammonia, or tribasic 
phosphate of ammonia should be added after the lime precipi- 
tate has settled, so as to eliminate the last traces of lime. 

Instead of sulphate of aluminium, alum, or other alumina salts 
can be used; similarly, carbonates, or strontia, or quicklime 
can be used instead of carbonate of lime ; the amount requisite 
varies somewhat with the quantity of impurities in the glycerine ; 
the strength of the glycerine liquor, &c,, may also be modified 
according to circumstances; in stearin factories the glycerine 
may be advantageously purified when the concentration is such 
that the liquors mark 13° to 15° B. Bull. Soc. Chim. Paris, 
XxX. 375. 

Manufacture of Ether.—O. SuSSENGUTH states that the 
most efficacious process is to heat to 140° C. a mixture of nine 
parts of concentrated sulphuric acid and five of alcohol (90 per 
cent.) ; as the ether formed volatilizes, fresh alcohol is allowed to 
stream in, so as to keep the level of the liquid constant. 

Direct firing injures the vessels used, and is apt to occasion 
accidents, the ether being extremely volatile and inflammable. 
Superheated steam is more costly, but is far safer. Iron vessels 
lined with lead are preferable to copper or lead-lined copper 
stills. The yield of ether is about 66 per cent. when the opera- 
tion is properly conducted—halfa part of sulphuric acid for every 
100 of ether being required. To obtain a good yield, the chief 
necessity is a constant temperature and a regular flow of alcohol. 

The crude ether requires washing with water and redistillation 
to remove alcohol. It is possible to prepare rectified ether at 
one operation, however, but several practical difficulties are met 
with in the attempt. The vapours from the still are passed 
through a jacketed receiver, the jacket of which contains water 
at 35°; in this alcohol and water, but not ether, condense. The 
vapour then passes through purifiers containing quicklime in 
lumps and coke soaked in caustic soda and dried, so as to re- 
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move sulphurous acid. Chem. Soc. Fournal, 1874, 610, from 
Chem. Centr. tv. 393. 


Solvents for Gutta Percha.—R. BorETTGER states that 
chloroform and carbon disulphide are the best solvents for gutta 
percha, the former liquid readily dissolving this substance, if | 
— cut into small fragments. The solution clears per- | 
ectly on standing. If evaporated on a plate, the gutta percha 
is left as a compact white film, possessed of all its original pro- 
perties. Bull. Soc. Chim. Paris, xxit.92. From Chemisches 
Centralblatt, v. 312. 


_Composition for Cleansing and Bleaching Tex- 
tile Fabrics, Paint, Floors, Casks, &c.—W. A. 
WHITE patents the use of the following compositions :— 


No, 1. 
Carbonate of potash . ‘ 22 parts. 
Sand free from alumina and iron ts 
Charcoal ‘ ‘ oS < 
No. 2. 
Carbonate of soda ‘ 22 parts. 
Carbonate of potash . ‘ ° ‘, 
Silicate of potash > ‘ js . . 
Charcoal . ° ; . ° ° i s&s 
No. 3. 
Silica. ° ° . ° ° . I part. 
Common salt . . ° . ° 2 


Chemical News, xxx, 22. 


THE HENDERSON BRAKE. 


HIS improvement has lately been subjected to a 
practical trial with much success, on the West 
Chester and Philadelphia Railway, the train con- 
sisting of engine, tender, and five cars. Ona level, 
speed 35 miles per hour, the stop was made ina 
distance of 180 yards in 19} seconds; boiler 
pressure, 120 lbs, Trials on grades were made with equally 
favourable results, all showing that the brake has no superior. 
Its construction and operation are as follows : Between the wheels 
of each truck there is placed a cylindrical vessel of cast iron, 
whose ends are formed of two dish-shaped flexible diaphragms 
of india-rubber, secured to the drum, and making an airtight joint 
at the periphery by flanges bolting thereto. Two rams working 
in opposite directions are fitted against and into the hollow part 
of the diaphragms ; their outer ends are attached by rectangular 
flanges and bolts to the brake beams carrying the brake shoes. 
The several castings are simply bolted together, with the 
diaphragms, as they come from the foundry, without recourse 
to the usually expensive mechanical fittings. 

When pressure comes between the diaphragms, it simply forces 
them apart, projecting the rams, which act immediately on the 
brake beams, applying the brakes: and when the pressure is 
relieved, the atmosphere reacts on the area of the rams and 
forces them back, assisted by the tendency of the diaphragms 
themselves to recover their normal condition. 

The peculiar construction of this device, it will be seen, 
possesses all the requirements of a cylinder and working piston, 
as well as recoil springs. All piston packing and stuffing boxes 
are dispensed with, and no lubrication is required ; the interior 
is sealed from dust, all complications of levers and rods and 
attendant lost motion is done away with, and its operation is 
free from all connection with the usual hand brake gear, which 
remains as efficient as it was before. 

The power is derived directly from the boiler of the locomotive ; 
we have therefore at our command the same power to stop the 
train which is used to impel it forward. The device employed 
to transmit this power, to the pressure boxes just described, 
consists of a hydraulic press, operated by a double acting steam 
cylinder, the valve of which is worked by the hand of the 
engineer. There is a piston in each; steam actuates the one 
to force the water from the other, thus creating hydraulic pressure 
on the pressure boxes, and to withdraw the same to release the 
brakes. An air cushion is provided above the press piston to 
prevent striking the heads when coming back light. The press 
receives water from a tank, which may be the engine tank or a 
special tank provided for the purpose, through a pipe furnished 
with a check valve opening towards the press cylinder, in such 
manner that the fluid cannot return to the tank ; the supply is 
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arranged to feed automatically ; any excess or leakage past the 
press piston is at once returned to the tank. For low tempera- 
tures, a mixture of equal parts of glycerin and water is used in 
lieu of water, which is safe to 30° Fah. below zero. Iron pipes 
are used under the cars with flexible hose between them, fur- 
nished with hydraulic‘couplings, which it is obvious must be 
tight both with and without internal pressure, a peculiarity pos- 
sessed by this coupling alone. 


THE BOILER TESTS AT SANDY HOOK. 


S|HE U. S. Commission appointed to conduct a 
series of experimental trials with steam boilers, 
with the view of determining the truth or fallacy 
of the numerous theories of steam boiler explosions, 
commenced its work at Sandy Hook on the 7th of 
last November. 

The constitution of the commission, and an outline of the 
work it has prepared, have already been published. 

The boilers experimented upon were two in number : one of 
them a small, upright, tubular boiler, and the other a large low- 
pressure boiler, such as is in general use on steamers in New 
York harbour. 

The aim of the experiment with the first-named boiler was to 
test the theory that, with low water in the boiler, the plates may 
become heated sufficiently to materially diminish their power 
of resisting strain. 

During the experiment, the spectators occupied a bomb-proof 
casemate, some hundreds of feet from the boiler. The result 
was the collapsing of a tube at a pressure of 54 lbs. A pyro- 
meter attached to the lower part of the boiler indicated that the 
steam in the upper part of the boiler was highly superheated at 
the moment of explosion, and the opinion prevailed that the 
experiment proved the truth of the theory. 

The low-pressure boiler was heated to a steam pressure of 
70 lbs., at which point it ruptured a seam without doing further 
damage. The rupture occurred in a soft patch on the upper 
side of the shell, and was about 18 in. long. 

It was shown by the gauges that, even after the rupture 
occurred, the pressure continued to increase, and the rupture 
did not extend. It was therefore concluded that overpressure 
of steam will rupture a boiler with a weak spot, while if it be 
uniformly strong in all its parts, it will, in all probability, explode 
violently from this cause—a conclusion simply reiterating that 
announced by Col. Stephens, from experiments at the same 
place some two years ago. The experiments were continued at 
Pittsburg, and postponed until the spring. 





Practical Literature. 


TECHNICAL TRAINING. 
By THOMAS TWINING.' 


HAT the continental artizan is in a fair way to 
outstrip his English brethren in the struggle for 
superiority has frequently been asserted, and 
we are bound to say, with some show of proba- 
bility. We therefore welcome the appearance of 
| a project which, if it be carried out, cannot fail to 
result in a wider diffusion of scientific knowledge among our 
industrial classes, and a corresponding improvement in their 
technical ability and skill. 

The main feature, as set forth in the handsome volume before 
us, of Mr. Twining’s scheme, which is a modification of that at 
present existing in some parts of the Continent, is the granting 
of certificates of proficiency to all journeymen, foremen, and 
masters who satisfactorily pass an examination in the practical 
and scientific knowledge of their trade. For the purpose of 











! Macmillan and Co., London. 









































234 THE PRACTICAL MAGAZINE. 





affording to artizans the requisite scientific knowledge, as well 
as of holding the examinations and granting certificates, it is 

roposed to establish a central technical university, with affiliated 
Seances in all parts of the United Kingdom. The examina- 
tions of this body are to be purely voluntary on the part of the 
artizan, and not compulsory, as on the Continent, Mr. Twining 
rightly judging that were his scheme carried out, the value of 
the certificates would speedily become self-evident. 

Whether our author’s proposals will ever be carried out in 
their entirety is, to say the least, doubtful, but in any case many 
of his suggestions are worth attention, and if he only succeeds 
in bringing the question fairly before the public, his time and 
trouble will not have been expended in vain. In spite of the 
energetic endeavours of the Science and Art Department to 
popularize science, much yet remains to be done. At present 
the onus of establishing classes for scientific instruction is left 
too much to individual enterprise, and in the examinations of 
candidates for certificates their teaching ability is too little tested. 
The consequence is that it is extremely difficult to induce those 
who have it in their power to organize classes, and in many 
instances where this difficulty has been overcome, the teaching 
has been of such a very unsatisfactory character that the classes 
have speedily dwindled away, and the experiment has been pro- 
ductive of far more harm than good, 


TEA, COFFEE, AND COCOA:! 


IN embodying in this small volume the results of 
his own experience and observation, for the use of 
public analysts under the Adulteration Act, we 
think the author, whose name is known in con- 
nection with similar treatises on water and milk, 
has rendered a service not only to those for whom 
the work is primarily intended, but to a much wider public. 

We are all of us more or less interested in knowing the com- 
ponents of such staple articles of consumption as tea, coffee, 
and chocolate, and it may be some satisfaction to note the 
generally harmless character of most of the articles used in the 
adulteration of these pleasant beverages. But as the work is 
evidently not written ad captandum, the author has not been 
fired with that ambition of studding his pages with startling 
statements, which characterises so many works on kindred 
subjects. 

The book is eminently practical in the treatment of the sub- 
ject, and while dealing with the analyses in the most complete 
and exhaustive manner, the author has kept the extent of it 
within sixty crown octavo pages—no small achievement, when we 
consider the extreme wordiness which is the chief feature of so 
much of our scientific literature. 

Naturally in such a work, the labours of those who have 
already investigated the subjects treated of—such as Peligot, 
Stenhouse, and Campbell, Mr. John Holm, Mr. W. Bettel, and 
others—must be laid under contribution ; but by far the greater 
number of the analyses are the outcome of the author’s inde- 
pendent researches, and, as such, possess a value of their own 
as contributions to the literature of the subject. 

Small as is the size of the volume, we think the addition of 
an index would have added much to its value ; the more so as 
reference is not facilitated by the somewhat meagre table of 
contents. 








WOOD-WORKING MACHINERY.’ 






HOSSIBLY no branch of manufacture has been so 
jj thoroughly revolutionized during the past few 
years as that of working in wood. 

. Bench-work and hand-work, except for the more 
4 delicate operations, are now, ina very large number 
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of the more important establishments, fast giving 

way to the introduction of machinery, and with the usual effect. 
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The work that took days to perform by hand, and at the cost | 


of immense exertion, is now accomplished in hours, and with a 
truthfulness and exactness which the most skilful hand-worker 
cannot hope to rival. 





! 4 Practical Treatise on the analysis of Tea, Coffee, Cocoa, Chocolate, 
Maté (Paraguay Tea), &c. By J. Alfred Wanklyn, M.R.C.S., &c. 
London : Triibner & Co. 

2 On the Arrangement, Care, and Operation of Wood-working Fac- 
Sories and Machinery, and forming a complete Operator's Handbook. By 
T. Richards. London: George Richards, and Philadelphia. 











Planing, mortising, tenon-cutting, beading, ploughing, and 
every operation but that of fitting together the component parts 
of the structure, is now performed by machinery—not only in 
one but in almost every branch of woodwork. In America, the 
use of machinery in wood-working has gained ground much 
more rapidly than in this country ; and it is from America that 
one of the most important treatises on the use of this machinery 
has come to us. Richards’ “Treatise on the Construction and 
Operation of Wood-working Machines” is known as one of the 
most complete on the subject. 

The author has found, however, that owing to its high price, 
consequent on the costliness of its illustration, it was placed 
beyond the means of machine operators and mechanics, and, 
moreover, that it does not give what is specially required by 
them, viz., the practical details of shop manipulation ; and he 
has therefore supplemented that treatise by the shorter book 
the title of which is at the head of this article. 

Commencing with a full exposition of the necessities of an 
establishment for the operation of wood-working by machinery— 
which however may be said to apply more to the peculiarities 
of American than English circumstances—the author deals 
minutely with all the details of the shop-fittings, and proceeds 
to give plans of handling material, clearing shops, precautions 
against fire, with practical observations on the speed of ma- 
chinery, power needed, accidents and repairs, lubrication and 
care of bearings, &c. 

Then follow an exposition of the principles of wood-cutting, 
methods of preparing the cutters and saws, descriptions of 
sawing and sawing-machinery, tenon, mortising, planing, polish- 
ing, jobbing, and shaping machines ; and in this overwhelming 
array of modern improvements, our old friend the lathe is not 
forgotten, and the question of turning receives its due share 
of attention. ° 

The work is supplemented by some useful remarks on patents, 
purchasing machinery, supplying material ; and some hints on 
bench-work and bench-tools are given, notwithstanding that the 
author, in his enthusiasm for the machines, would seem some- 
times to have overlooked such slow and prosy methods. 

From this rapid enumeration of its contents it will beseen that 
although American in its origin, there is nothing in the work 
which should prevent its becoming very largely used by wood- 
workers in this and other countries. In fact, we think 
the work is one of importance, and, as limitation of space 
prevents our treating of it more fully on this occasion, we may 
take another opportunity of referring to it in these columns. 


MECHANICAL HUMOUR.' 


HE readers of the “ Practical Magazine” will, we 
imagine, be in no wise slow to recognize and 
appreciate any attempt which may be made to 
collect and present to them a number of stories of 
the wit of the workshop, practical or otherwise ; 
and it would have been a source of gratification 

to us if we had encountered and had been able to point out to 

them a volume which contained a really good and humorous 
collection of the kind. 

We accordingly turned to the work before us, with great hope 
of being entertained with the recital of some of the ludicrous in- 
cidents which are continually occurring in the workshop and the 
factory—but we are bound to say that we have been dis- 
appointed. For the most part the stories of laughter-provoking 
accidents and comical practical jokings are of the most ordinary 
and commonplace kind, which, owing to long familiarity and 
constant repetition, have become weary, flat, stale, and unprofit- 
able in the performance, to say nothing of the recital, while 
they are related in language which is laboured and forced to the 
last degree. 

In speaking thus generally, we are bound to say that there are 
some of the stories which, divested of the exceedingly stilted 
language in which they are told, really deserve to be perpet- 
uated, and among these we may mention that entitled, “A 
Portable Manufactory,” which is a capital story of Yankee 
sharpness. There are others which will be found amusing ; but, 
as we have indicated, the book is completely spoiled by the most 
unsuitable style in which it is written. 








' Mechanical Humour: a collection of original Anecdotes connected 
with Engineering and Mechanics. By J. Richards. London: George 
Richards, and Philadelphia. 
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Foreign Practical Fournals. 


Les Mondes, Revue hebdomadaire des Sciences. Edited by the 
Abbé Moigno. Paris. 


t7-1N the number for the week ending August 2oth, an 
Med Kya account is given of the first steam omnibus at Paris. It 
SF 5| runs between Chateau d’Eau and Vincennes, at a speed 
sam" exceeding by one-third that of the two-horse omni- 
buses on the same route. The principle of the steam vehicle is 
considered of importance, as having possible applications to 
agricultural transport. Experiments are being carried out at 
Marseilles on board the packet “ La France,” upon a system of 
electric illumination in which the electric lamp of Dubuisson is 
one of the principal instruments. Captain Morin, of Bordeaux, 
has invented an orrery which shows the movements of the Sun, 
of Mercury, and Venus, with the proportional rates of revolution 
of the two planets ; the real rate of rotation of the earth on its 
axis, which remains parallel to itself during its passage through 
its orbit ; the inclination of this same axis on the plane of the 
ecliptic; the phases of the moon set visibly out, together with its 
rotation on its own axis: the orrery also gives the elliptic form 
of the lunar orbit, and a great number of other interesting astro- 
nomical facts,so as to make possible the calculation of an 
eclipse, and even shows the movement of the precession of the 
equinoxes. The orrery of M. Morin is recommended as one of 
the most important aids to the diffusion of elementary astro- 
nomical science yet invented. M. Luvini, professor of natural 
philosophy at the military school at Turin, has invented a 
geodesic instrument which he calls a “dieteroscope.” Its object 
is to determine the amount of atmospheric refraction in taking 
observations of signals. M. Yvot gives a recipe for the prepara- 
tion of raw meat when it is prescribed to be taken ; the pre- 
paration is solid or liquid, as may be wished. Take of uncooked 
fillet of beef, 250 grammes, sweet almonds, peeled, 75 gr. ; bitter 
almonds, 5 gr.; loaf sugar, 80 gr. The peeled almonds, the 
sugar, and the meat, are pounded up together in a mortar, and 
may afterwards be pulped. The mass can then be used, it 
having lost all the disagreeable peculiarities of raw meat. M. 
Limousin has an apparatus for the instantaneous disengagement 
of oxygen. Tarcot describes a steering apparatus for large 
vessels for which he claims the merit of swift and accurate 
action. For washing with benzine, MM. Perron and Dehaitre 
have constructed an apparatus consisting of a moveable cage of 
tubes working in an enclosed drum, There is perfect washing 
and no waste of benzine. 





Revue Ina tstrielle, chronique de Industrie. Paris. 


sao) N the number for Aug. 19 of this scientific weekly, pub- 
me Gi lished in Paris by MM. Fontaine and Buquet, there is 


oe 









&| 2 process given for the preservation of telegraph poles, 
— claimed to be an improvement on the systems of 
Boucherie and Bréau. M. Hatzfeld proposes the employment 
of the tannate of protoxide of iron, with excess of tannic acid, 
as an antiseptic fluid, and has contrived an arrangement for 
forcing it by atmospheric pressure into the pole at the large 
end. The French telegraphic administration has M. Hatzfeld’s 
process in course of experiment. A description is given in full, 
with illustrations, of the autographic telegraph of M. d’Arlin- 
court. It comprises two cylinders turning simultaneously, and 
respectively covered with sheets of a chemically prepared paper 
and with tin-foil. On the latter of these the message is written 
in an ink which has insulating properties ; the passage of the 
electric current determines on the former an electro-chemical 
tracing, which is an exact reproduction of the message. The 
project for a submarine tunnel between France and England is 
recalled to mind by a review of the proposals made for its 
piercing. 


Annales de Chimie et de Physique. Paris, Aug. 1874. 


[e==3}HE August number of this important publication (162 

#1 |&| octavo pages, contains only four articles: Researches 
upon mannite, the principle of manna, first discovered 
. by Proust ; the action of electricity upon flames, solid 
bodies, and gases, by M. Neyreneuf; studies upon vegetable 
earth, by M. Schlcesing, in which vegetable soils are analyzed 
with a view to obtain correct notions of their ultimate constitu- 
tion ; and a long paper by M. Marignac, upon the simultaneous 
diffusion of certain salts. 









Revue des Deux Mondes. Paris, Aug. 15. 


2=5|N interesting account, occupying twenty-two pages of 
‘| the last number of the “ Revue,” is given by M. Charles 
Martin, of the scientific circumnavigation recently 
, completed by the “ Challenger.” M. R. Radan gives a 
history of the discovery of the aniline colours derived from coal 
tar, and of the various processes adopted in their manufacture. 





Denkschrift zur Erinnerung an die fiinfundzwansigjahrige 
Griindangs-feier des oesterreichischen Ingenieur- & Archi- 
tekten-Vereines. Wien, R. v. Waldheim. 


[e=2=3] HIS handsome folio pamphlet, printed in 1873 as a 
a | memorial of the twenty-fifth anniversary of the founda- 
peel yg tion of the Austrian Association of Engineers and Archi- 

tects, is a summary history of the technical and indus- 
trial development of Austria between 1848 and 1873. It seems 


surprising that so late as up to 1848 the purely scientific assem- 
blies of a few engineers and scientific men of Vienna could only 









‘be held by stealth, and were in contravention of the existing 


laws. On June 8, 1848, the statutes of the Austrian Asso- 
ciation of Engineers and Architects, drawn up by the founder of 
the Association, Friedrich Schnirch, now deceased, were recog- 
nised by law; and so well devised were these statutes that they 
are still the principal governing mechanism of the Association, 
although a quarter of a century has passed away, and the 
number of members has increased from a handful to nearly two 
thousand. In material prosperity, the Association has made 
proportionate advances. Its earliest sittings were held in the 
public room of the tavern “Zum Goldenen Kreuz”—the Golden 
Cross ; whereas by November, 1872, it had built for itself one 
of the handsomest structures now existing in Vienna. This 
edifice, situated in the Eschenbachgasse, was about two years 
in course of construction, and cost £17,400. The front is uni- 
form, but the interior is in two distinct portions, separately fitted 
to the uses of the two sections, engineers and architects. In 
1849, the Association began to publish its Journal, starting with 
a list of ninety-six subscribers. In 1852, the great Semmering 
Railway was began by Ritter von Ghega, a member of the 
Association, another member of it, W. Engerth, designing the 
locomotive used upon it ; other great engineering undertakings 
in Austria finding always a basis of support—moral, mechanical, 
mental—in the combined forces of the Association. In memory 
of Ritter v. Ghega, a number of Ghega exhibitions for science 
students were founded, and the fund is administered by the 
Association. The present president of the “ Oesterreichischen 
Ingenieur- und Architekten-Vereines” is Herr Engerth, and its 
Secretary, Herr E. Leonhardt, the Vienna correspondent of the 
“ Practical Magazine.” 


Sopra la teoria della gradazione delle tinte. Nota di D. TESSARI. 
Milano, Tip. degli Ingegneri. May, 1874. 


m°7| N this brief memoir, Sig. Tessari examines an anony- 
yy ) mous publication upon the geometric determination of 

| colours in designs, which was itself a critique upon a 
“=== work entitled “ Essais d’Orthochromie,” lately presented 
by M. Cottillon to the Paris Society for the Encouragement of 
National Industry. The above-mentioned critique terminates 
in these words :—“ To resume, I do not believe that the theory 
of tints in painting and washes rests upon any theory which it 
is now possible to define with precision, and that, in all cases, 
account should be taken of the surface of the body adopted. It 
seems to me reasonable, consequently, to limit myself to gene- 
ralities in the theoretic teaching of washes, and to endeavour to 
form the eye of my pupils by giving them good models.” 

Sig. Tessari agrees with only one part of this conclusion, the 
necessity, namely, to take account of the nature of the surfaces 
painted on, and their behaviour in regard to the source of light. 
He brings all bodies in this respect into one of the five cate- 
gories following :—1. Surfaces moderately polished, but without 
lucidity, as worked stones, marble in monuments, plaster of 
Paris, paper, &c. 2. Surfaces having a moderate lucidity, like 
non-reflecting metallic surfaces, that of varnished bodies, certain 
polished marbles, &c. 3. Reflecting surfaces, mirrors, perfectly 
lucid metallic surfaces, &c. 4. The surfaces of transparent 
bodies, glass, rock crystal, &c. 5. Crude surfaces, such as that 
of earth, raw stone, &c. “To found a rigid theory of the 
graduation of tints,” says Sig. Tessari, “it is of the first neces- 
sity to classify surfaces under some number of distinct types, 
like the above given five, or even a greater number if necessary. 





| For industrial purposes the above would probably be found 
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sufficient. Naturally if the surface of a body be not homoge- 
neous in all its parts, it does not present every where the same 
character ; these separate parts must be treated one by one, 
assigning each to the group to which it properly belongs,” so 
that the chiaroscuro of the whole would be accurately repro- 
duced in an Indian ink washing. It goes on to combat the 
statement that there is no fixed law for the graduation of tints, 
and contends that scientific drawings can reproduce every effect 
of chiaroscuro in the bodies, machines, buildings, &c. they re- 
present. “If a body be placed under the influence of a single 
source of light at an infinite distance—say exposed to the light 
of the sun, and carefully shielded from the disturbing action of 
other luminous sources—the parts in high light will be seen to 
be in stupendous relief, and the parts in shade most definitely 
marked; a graduation in tints between the two extremes of 
light and shade will be found to exist, according to the con- 
figuration of the surface of the body. And all this according to 
fixed, absolute, and fully determined laws, since nature does not 
proceed otherwise than by such laws.” He proceeds to ascer- 
tain them as follows :—“ To assign the tone or tint correspond- 
ing to a given illumination, or at a given angle of inclination of 
the incident ray, I proceed in the following manner. I make a 
scale of tones, or tints, forming a certain number of right 
angles, say 11, disposed one after the other, with a tint gradually 
deepening ; so that the passage from the first right angle which 
represents the greatest illumination, to the last, which represents 
the darkness corresponding to true shade, proceeds in a uniform 
an 1 increasing graduation. A trained eye can as well evaluate 
the correctness of the scale of tints as the ear of the musician 
can evaluate the correctness of the ascending notes in the 
musical scale.” The results indicated serve as the basis of 
practical scientific drawing. 

A very ample bibliography of the theory of light and shade 
forms part of ! Sig. Tessari’s monograph. 


Il Politecnico. Giornale dell’ Ingegnere Architetto, civile ed 
tndustriale. May and June, 1874. 


@ L. Politecnico,” a Milanese magazine of civil engineering 
4 |y4 and industrial science, publishes “ cumulatively ” twelve 
Ra cS numbers in the year, but does not bind itself to appear 

<=" month by month. The double number before us gives 
some idea of the industrial activity of the north of Italy. 

The first article, illustrated with several lithographic plans, 
describes the house of correction now in course of erection at 
Milan. It is on the cellular system, and is fitted to contain 800 
prisoners of both sexes. The architect is Sig. Francesco Lucca, 
who supplies the description published in the “ Politecnico.” 
Sig. Castagnone, the first Italian engineer ever employed by the 
Turkish government, has carried out on its behalf a survey of 
the valley of the Kara-uss, and that of the Anghista, in the 
neighbourhood of Seres, in Macedonia, where these rivers over- 
flow into extensive and dangerous marshes, the draining of 





which is an object aimed at by the government at Constan- 


tinople. The patriotic object of establishing a system of per- 
manent defence against the inundations of the Po, in all its 
course, is the subject of an essay by Sig. Angelo Terzaghi, of 
Lodi. Sig. Tessari’s note on the graduations of tints in mecha- 
nical drawings, which is separately printed, we notice above. 
Steam-engines and boilers at the Vienna Exhibition, are treated 
of by Sigg. Saldini and Barzano. 


Tables of Co-ordinates in functions of the Tangents for tracing 
Circular Curves. Compiled by Sig. F. Camurri. Milano, 
Galli ed Omodei. 


=] COMPLEMENT tothe tables published by the French 

# engineers, Gaunin and Jacquet, which left laborious 
calculations to be carried out when the series was at all 
extensive, and which gave the co-ordinates only for 
every 5, 10, 20, and 50 metres respectively, according to 
the radius. Camurri’s tables start from the co-ordinates for 
every o'50 metre for small curves. 





Revista de Telégrafos. Madrid, Aug. 1874, 


HE principal article is a translation of an article from 
MA (oz) the “Telegraphic Journal,” upon the preservation of 
bees the wood used for telegraph poles. The government 
- is making some efforts to bring the telegraphic system 
of the country into a state better than that in which it was found 
before the civil war, and has decreed a large sum to the expenses 
of repairs and maintenance. 









An Elementary Treatise on Railway Construction. By Antonio 
Cantalupi. Milano, Galli ed Omodei. Pp. 800, Cuts and 
Plates. 


{ay NE of the first works on the subject in Italy. Capitalists, 
\ landed proprietors, and manufacturers will be able to 
\ZA) gain from it an idea of the advantages of the different 
= systems of construction. 














La Gaceta industrial. Madrid, Aug. 13, 1874. 


HIS industrial paper, which appears weekly in Madrid, 

s | contains a continued series of articles upon special in- 

se} dustrial exhibitions in Spain. Ina corner we notice a 

= little contrivance for the benefit of photographers who 
have restless sitters. With the view of fixing their attention, 
they are placed in front of a screen in dark cloth, having an 
opening through which a series of photographs, kept in motion 
by clock-work, may be complacently viewed. The /euclleton 
consists curiously enough of a section, which may be cut out 
of the paper, of four pages of a continuous work on aniline 
colours. 





made at the Observatory of H. H. the Rajah of Travan- 
4} core,” under the direction of Mr. Broun, F.R.S., is now 
through the press. This volume contains eighteen 
years’ observations of magnetic declination, made at Trevan- 
drum, and four years’ observations of the same magnetic element 
made at the Augustia Malley Observatory (6,000 ft. above the 
sea). Reports on the work of the director, from 1852 to 1865, 
form an appendix to the volume, which will be published by 
Messrs. Henry S. King and Co. 





Special. Correspondence. 


FROM PARIS. 


AN accepting the post of Paris correspondent to 
your eminently useful periodical, my object is to 
keep our friends of scientific and industrial pro- 
. gress who are in England, informed of all really 
|e 5).| original and useful novelties, as they may occur on 
ES} this side of the Channel. I will, however, some- 
times refer back to questions already old, when it can be shown 
that an invention of paramount utility has been stifled in its 
birth by individual apathy or routine. Having, by a long life 
as journalist—for my first article is dated from 1829—become 
one of the most active centres of the scientific movement of the 
day, in correspondence with people scattered over the whole 
surface of the globe, I trust that I shall be found not beneath 
the mission confided to me. 

I shall commence by referring back to a time long since past, 
because I deeply deplore that a most difficult and most desirable 
progress has been fatally and pertinaciously ignored. 















THE EXTINCTION OF FIRE BY STEAM. 


It is now twenty years since several earnest men, Dr. Dujardin 
de Lisle, M. Colladon, of Geneva, and M. Fourneyron, the 
celebrated inventor of the turbine, informed the Academy of 
Science, that, in several cases where violent fires had broken out 
in factories full of highly combustible materials, these fires had 
been almost instantaneously extinguished by the happy thought 
of opening a pipe from the boiler, which had presented itself to 
some intelligent foreman, thereby admitting a rush of steam 
into the glowing atmosphere of the burning premises. This 
was an extraordinary fact and full of promise for the future, and 
yet but little attention was paid to it. I have often referred to 
it, entreating manufacturers to have their premises so arranged 
that at a moment’s notice they might be inundated by steam in 
every part. Only one, M. Briart, mechanical engineer, adopted 
what I had proposed, and completed the idea of M. Dujardin. 
He kept one of his boilers day and night under steam at a pres- 
sure of from 4 to 5 atmospheres, and at a temperature of from 
150° to 200° centigrades (302°to 392° Fah.); and the super- 
heated water communicated with every part of the building 
requiring protection, by means of a series of tubes. It was only 
necessary to open one of these tubes and give vent to the water 
which was, as it were, condensed steam, and a dense cloud of 
vapour was immediately formed, which rendered all combustion 
impossible. The terrible conflagration which, during the Empire, 
consumed the vast premises of the Manutention Militaire, on 
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the Quai de Billy, Paris, opened the eyes of the Government for 
a moment; and upon the reconstruction of the buildings M. 
Briart was officially entrusted to construct and organize his 
system for the extinction of fire by steam in the new premises. 
I am not awareif it still exists, but I will ascertain. It often 
happens that an improvement loyally accepted is afterwards 
abandoned. For instance, several of our transatlantic steamers 
had inaugurated the electric light on board, as produced by the 
apparatus of the Alliance Company, and purchased at great 
expense. The effects produced were splendid ; some of the pas- 
sages made by the transatlantic steamers under these circum- 
stances were admirable. Fields of ice, sailing vessels or steamers, 
could be discerned an immense distance off. But it caused 
extra work, the machine required to be in communication with 
the engine, and I have been informed that in less thana year the 
lighting of the ships by electricity was abandoned, and I am not 
aware of its having again been resorted to, even after the painful 
collisions and cruel shipwrecks of 1873. 

I have often expressed the idea that man is an essentially 
suicidal animal, and the only animal in creation given to suicide. 
I most earnestly entreat English and American manufacturers, 
fatally warned by the terrible disaster of Chicago, to organize 
everywhere the means of extinguishing fire by steam; and I 
most ardently wish that the gigantic fire-engines of Mr. Merry- 
weather and others, should, instead of throwing torrents of water, 
throw real torrents of steam, by being charged with super-heated 
water. 


THE ROCKING MOTION OF RAILWAY CARRIAGES. 


On Thursday, August 13, a new carriage for obviating the 
rocking motion on railways, by Mr. Henry Giffard, the successful 
and fortunate inventor of the justly-celebrated injector, was tried 
for the first time upon the Eastern Railway, between Gretz and 
Coulommiers (Seine-et-Marne). Man has two enemies to con- 
tend with, the one almost insupportable, sea-sickness, the other, 
simply annoying, but which may at times present danger, the 
rocking motion of railway carriages caused by the imperfect sus- 
pension of the vehicles. More than two years previous to Mr. 
Bessemer, Mr. Henry Giffard had endeavoured to combat these 
two enemies ; in order to protect himself from sea-sickness he 
had invented and constructed, not a saloon—we will explain 
why presently—but a chair, which could be fixed upon deck or 
in the saloon of a vessel, and which was so balanced that the 
passenger was not only free from all movement of rocking and 
pitching, but was also absolutely at rest in space, in so far that 
his centre of gravity was always at the same height above the 
normal level of the sea. This fixity of the centre of gravity is 
the essential condition to be fulfilled, for it has been proved 
physiologically that the principal cause of sea-sickness is not 
the motion from left to right or from right to left, or the motion 
backwards and forwards, but the motion of rising and falling. 
I must here beg leave to open a parenthesis. I have followed 
with great attention Mr. Bessemer’s project, and most earnestly 
wish that he may be successful, but I hardly dare to hope so, 
and I much fear, on the contrary, that his plan will be a signal 
failure, because his saloon, although protected from the rocking 
and pitching, will still rise and fall. Its centre of gravity is not, 
like that of Mr. Giffard’s chair, absolutely fixed in space. Let 
me close the parenthesis. Mr. Henry Giffard’s chair is a 
grand and beautiful reality, a masterpiece of mechanism. 
Why has it not yet been adopted on board the Channel 
steamers? Because the moment has not come, for great in- 
ventors have their hours and their whims. But at the same 
time that Mr. Giffard was preparing to do battle to sea- 
sickness, he attacked the rocking motion upon railways, After 
having cleverly elaborated his theory, and skilfully prepared 
his plans, he had a complete first-class railway carriage con- 
structed at his own expense, of which the arrangement of the 
springs is something marvellous. No matter how bad the state 
of the line may be, the passengers seated in this carriage will be 
almost as perfectly free from motion as if seated in an arm-chair 
in their study, and will be able to write with a perfectly steady 
hand. It was an extremely difficult problem to solve, and the 
carriage without rolling motion is an effort of genius. But what 
was infinitely more difficult thanto plan and construct it, was to 
induce the railway companies to accept it and give it a trial. If 
it obtains an equal success to that which attended the injector 
he is sure to carry it through, and it will become one of the 
necessities of the future—and what a reward will then be within 
the grasp of the inventor! It is needless for me to relate what 
marches and countermarches were necessary, the continual 
journeys from one company to another, from terminus to 
terminus, until the line was opened to this messenger of the 
future. But he who has already earned millions is strong, very 
strong! The central administration at last interfered, and the 





minister ordered the official trial of the 13th of August. The in- 
ventor is extremely satisfied with the result, and the experiment 
is shortly to be repeated on another line. I shall be informed 
of all that takes place, and shall then be able to give further 
details. In the meanwhile, and in order to reassure the French 
companies, we may say that Mr. Giffard’s proposals are most 
advantageous for them. His system of combined springs would 
only be applicable to first-class carriages, or to a limited 
number of privileged cars, and he would undertake to construct 
the carriages at his own expense, only stipulating as indemnity a 
royalty of one-half of the extra charge in excess of the usual tariff 
which would be imposed by the administration upon travellers 
desirous of using these carriages. The companies have therefore 
everything to gain and nothing to lose, and they will evidence 
very bad grace if they do not allow themselves to be carried away 
by such seductive offers. 

These combined springs will extend from railway carriages to 
private vehicles, and will constitute the first step towards unex- 
pected comfort in travelling. 


PRESERVATION OF MEAT BY COLD. 


Another great problem in the order of the day, and one too 
of the greatest necessity, is the preservation of meat under such 
conditions that it may be imported in any quantity required from 
those countries where it is so abundant as to have but very little 
value, such as Australia, the Argentine Republic, &c. It is not 
sufficient that meat extract abounds in all our markets, it is also 
necessary that fresh meat itself should be at the disposal of our 
European populations, to whom it is an object of imperative 
necessity. This constitutes one of the gravest questions of the 
day. Of all the agents for the preservation of meat and fish 
cold is undoubtedly the most perfect and most efficacious—not 
the moist cold produced by the contact of ice, but a dry cold, 
produced, if I may so express it, at a distance. 

M. Charles Tellier was the first to succeed in realizing the 
idea of closed chambers, in which, by means of an exterior 
circulation of an excessively cold liquid, an absolutely dry 
atmosphere could be maintained at a low temperature, say 
from freezing point to a few degrees below, o% to 5° below 
zero centigrade (32° to 23° Fahrenheit). An occasion was 
offered me to penetrate within such an atmosphere, and to 
witness the congelation of water placed simply upon a table. I 
then immediately realized the fact that when this invention was 
made, a most important problem had been solved. M. Charles 
Tellier found that meat or fish deposited in such cold chambers 
preserved all its original freshness and delicacy of flavour even 
after the lapse of several months. M. Tellier is now ready to 
transform trading ships or steamers into vast cold chambers, into 
which may be packed any quantity of fresh meat from the most 
distant countries, or of fish from the most distant seas, with the 
absolute certainty of the arrival of these exotic provisions, in all 
their original freshness and aroma, at our great centres of popu- 
lation, London or Paris, and of their being able to sustain success- 
ful competition with the choicest home products, and thereby afford 
an abundant and cheap supply of wholesome food to the less privi- 
leged classes of society. In order to give a more complete idea 
of the method employed by M. Tellier, I must take the liberty 
of quoting a part of the report read before the Committee of the 
Council of Health for the City of Paris, in anticipation of the 
more elaborate one which is being prepared by M. Bouley on 
account of the Academy of Sciences, to be read before that learned 
body at one of their next meetings:—“ This method consists in 
maintaining the temperature of the chamber or magazine in 
which the meat is deposited at freezing point, or a little below it. 
To obtain this low temperature, Mr. Tellier employs a liquid 
current at from 8° to 10° below freezing point centig. (16° to 14° 
Fah.) the cold being the result of successive evaporations 
and condensations of methylic ether, which is gaseous at ordinary 
temperatures, liquid at 30° below zero centig., and begins to distil 
and evaporate at—21° centig. The apparatus established at 
Auteuil, Route de Versailles, 99 (where the readers of the 
“ Practical Magazine” will be sure to receive a hearty welcome), 
consists in a refrigerator in which the evaporation of the methylic 
ether, which is destined to produce the cold, takes place; in a 
condenser, cooled by a current of water, and in a condensing 
pump. The vapours of methylic ether, which escape from the 
refrigerator at the temperature of 21° below zero centig., are sub- 
jected in the condenser to a pressure of from 5 to 8 atmospheres. 
The vapour is liquefied, and the liquid thus formed returns to the 
refrigerator without having sustained any sensible loss. The 
passing from the liquid state to a state of vapour, and the con- 
densation of the vapour back again to the liquid state, takes place 
over and over again, and it is this continuous circulation which 
causes the cold. 

The refrigerator resembles a tubular boiler ; it is formed of 
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a space absolutely and hermetically closed, traversed by a con- 
siderable number of tubes. The ether is poured into this space, 
and fulfils the office of water in an ordinary boiler. The liquid 
which it is required to cool passes through the tubes in the same 
way that the hot air does in a boiler, and abandons its heat to 
the vapours of the methylic ether. A vast reservoir containing 
a solution of chloride of sodium (sea salt) supplies the cold in 
all directions, as it is wanted. By means of pumps this solution 
is first of all driven through the tubes of the refrigerator, and 
thence through the different appliances where the refrigerating 
action is required. The liquid then returns to the refrigerator, 
vhere it is cooled again. The circulation is, therefore, also con- 
tinuous, like that of the ether. 

The air, cooled down to freezing point in the special chambers 
in which the meat is placed, deposits its aqueous vapour together 
with all dust and germs, in the form of hoar-frost. The perfect 

reservation of the meat is thus ensured for an indefinite time, 
or the development of the germs and the fermentation of the 
organic matter cannot take place at so low a temperature. 

The committee of the Council of Health, to which M. Pog- 
giale was named reporter, found at the works at Auteuil different 
joints of meat-—sheep, hares, partridges, pheasants, &c., all in a 
perfect state of rie preservation, although they had been in 
the chambers for several weeks, and even months. Several of 
these specimens were roasted and eaten, and pronounced ex- 





cellent. MM. Bouley and Peligot, of the Academy of Sciences, 
confirmed these observations and results at a subsequent visit. 

This is evidently a case of accomplished progress of a great 
industry, ready to take birth and prosper. If it is likely to be 
agreeable to your readers, I will, in your next number, give them 
a full description of M. Charles Tellier’s apparatus, and of its 
working, illustrated by numerous drawings, in the hope that 
some of your large ship-owners of the Clyde, the Tyne, the 
Mersey, or the Thames may be induced to- construct or equip 
a ship portable magazine of cold, to bring from Australia 
or South America some of those vast treasures of fresh meat 
which are there accumulating more and more every day. 

After these great and good things let us examine some of the 
pretty things. 


MYSTERIOUS CLOCK BY M. HENRY ROBERT. 


This really mysterious clock, in which one looks in vain for 
any trace of the mechanism which sets in motion the hour and 
minute hands, has much puzzled all Paris, which does not cease 
to flock to the shop of the inventor, No. 85, Faubourg Saint- 
Honoré, to admire and wonder at it. It is composed simply of 
a circular piece of plate glass, cut sloping all round the edges, 
and suspended by two strings. The two hands are quite free ; 
if they are turned round from their position they come back to 





it of their own accord after several oscillations. As the face is 
transparent the time can be seen on both sides, and placed 
between two rooms it gives the time in both; illuminated, it 
also serves as a night clock. We will endeavour to give the key 
to this pretty mystery. The two hands carry the movement, 
barrel and spring within the circular extremities ; when ‘only 
one hand is provided with the movement the motor hand is the 
minute one, working by cogs at its centre, with a small mnuteri 
corresponding with the other hand, and causing it to revolve 
twelve times slower than the first. A mznxteri is an assemblage 
of cogged wheels, so graduated that the largest wheel effects 
twelve revolutions during the time that the smaller one goes 
round once. M. Robert places his minuteri at the very centre 
of the glass disc, beneath the stock of both hands, and it is com- 
pletely hidden. The two hands are of extreme mobility ; they 
may be turned without danger in either direction, and when left 
to themselves they always return to their proper position, 
marking the hour and the minute. 


AUTOMATICALLY REVOLVING SPHERE, BY M. REDIER. 


I was not less surprised, on visiting the works of M. Rédier, 
the skilful constructor of the monumental aneroid barometer of 
the Bourse at Paris, at his shop, in the Cour des Petites Ecuries, 
No. 8, to see a sphere representing a terrestrial globe, turning 
with the utmost regularity upon its axis without any apparent 
mechanism. This globe gives the time, and goes eight days 





before it is again necessary to wind it up. In order to effect 
this operation a small two-pronged key. is inserted into two 
holes in a circular copper gilt plate which covers the south pole 
of the globe. The sphere must then be grasped by the right 
hand, and turned to the right and to the left alternately until a 
slight resistance is felt, denoting that the works are wound up. 
In order to regulate the clock the needle must be placed in its 
proper position by pushing with the finger. All points on the 
same meridian as the needle are at noon. Care should be taken 
to place the circle of the equator so that one of the numbers 
12 be on the meridian of the place inhabited by the observer. 
In order to find out the time of any given place, one adds to 
the hour indicated by the needle the number marked in small 
characters upon the meridian of the place in question. For 
instance, it is 3.30 in Paris, and it is required to ascertain the 
time at St. Petersburg. Add to 3.30 the number 2.15 found upon 
the meridian of St. Petersburg ; total 5 hours 45 minutes. It is 
5 o’clock in London, required the time at Sydney : upon the 
meridian of Sydney is inscribed the number 10; Ilo plus 5 give 
15, deduct 12 and remains 3, which is the time at Sydney. 
Those countries situated beneath the golden circle are at night, 
the others have day time. Applied to a celestial globe, to one 
of those charming spheres so wonderfully starred, of which M. 
Joseph Silberman, of the College of France, seems alone to 
possess thesecret, this most ingeniously disposed mechanism 
would constitute a charming ornament which I should be glad 
to see in every drawing-room. 
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STEERING OF BALLOONS. 


The numerous experiments which are being everywhere car- 
ried on—those at Woolwich Arsenal and elsewhere—prove more 
than abundantly that the steering of balloons, particularly in a 
military point of view, and in case of national defence against an 
invading army, is a desideratum of the first order ; allow me, 
therefore, to reproduce here in full, for it is not long, an idea of 
infinite value inserted in my journal, “‘ Les Mondes,” the 15th of 
October, 1863, which did not then attract sufficient attention, but 
which might become, in a few months, a terrible reality :— 

“When the fever caused by the success of the injector shall 
have passed away, when Mr. Henry Giffard shall have recovered 
his calmness, at the day and hour appointed he will again enter 
the arena with his cylindro-conic balloon, with his steam engine 
and his great surface condenser, and taking again to the air, he 
will start from the Champ de Mars, and, steering his balloon, 
will sail round Paris atid then return to the Champ de Mars 
absolutely as a racehorse leaving the starting post returns to it 
again. Mr. Giffard is from this moment quite certain—and con- 
fidence may be placed in the assurance—that the towing of the 
steam-engine adapted in the car will cause the balloon to ad- 
vance, the weather being calm with but little wind, at the rate of 
ten metres a second, 600 metres a minute, 35 kilometres (213 
miles) per hour, which is about the mean rate of speed of a rail- 
way train. He adds that he will be able to carry fuel and water 
sufficient for the supply of three days and nights, that is to say, 
more than necessary to traverse France twice in her extreme 
length. To those who may feel astonished at finding themselves 
face to face with so advanced a solution of the problem of the 
guiding of balloons, we will add that, since his last ascent, Mr. 
Giffard has not for one minute ceased to study the question, and 
to continue his experiments. First of all, he has tried every 
possible kind of tissue, and every sort of coating sufficiently close 
to prevent the escape of pure hydrogen extracted from water 
raised to steam by passing through incandescent iron or iron ore. 
He laughs in his sleeve to see people taking to thick and expen- 
sive silks, when a simple muslin doubled, coated either on the 
inside only, or both on the inside and outside, with a thin layer 
of black American india-rubber, would so amply suffice. The 
tissue and the coating having been found, it becomes necessary 
to obtain a steam-engine of which the weight should be but the 
fraction of that of an ordinary engine of equal power, that is to 
say, it is required to construct an engine of very high pressure, 
and consuming the smallest quantity of fuel. The first engine 
of this kind was constructed in the workshops of Mr. Flaud, the 
partner of Mr. Giffard—but who, unfortunately, has just died— 
and was worked up to 60 atmospheres, and it was expected that 
a pressure of 200 atmospheres might be obtained ; but this was 
not yet all : the supply of water which can be carried up with 
the machine is necessarily very limited ; it was required therefore to 
be able to utilize the same quantity of water over and over again, 
which could only be done by condensing the steam the moment 
it had exerted its mechanical effect. Mr. Giffard, who is tho- 
roughly master of himself and of the means at his command, 
had no more difficulty in effecting this than in the previous steps ; 
and those of my readers who may feel inclined to visit the works 
at the Avenue Suffren, No. 40, will there observe, suspended to 
the ceiling, a series of flat tubes presenting a large surface, and 
which serve to condense the steam from an engine of 10-horse 
power. As it was most important, before rising into the atmo- 
sphere, to be perfectly sure of possessing a power sufficient for 
steering purposes, and for enabling the machine to ascend or 
descend, Mr. Giffard had constructed a special apparatus cap- 
able of giving the exact measure of the directing and ascensional 
force of his screw. The form of the balloon, the coating, the 
tissue, the engine, the screw-propeller, and the apparatus to 
generate the hydrogen gas by means of the decomposition of 
water converted into steam over iron or iron ore at a glowing 
heat—all is ready, or could be easily rendered so by a few 
months’ labour, when the propitious hour shall have struck.” 

It seems to me as if I were describing a dream ; and yet if 
our Minister of War would only wish it so to be, the dream might 
become an historical fact. 

The other day I happened to see Mr. Henry Giffard, in con- 
nection with his railway carriage without rocking motion, and he 
assured me, in the most tranquil and yet determined manner, 
that he was intimately convinced of the ultimate success of his 
project, but that he was himself deeply impressed with the fearful 
power which such a weapon as a balloon to be steered at will 
would constitute, particularly if it were armed with all those de- 
structive and exterminating incendiary compositions which mo- 
dern science and industry have discovered. No city, no army, 
would be beyond the reach of a terrible destruction. 

I am surprised to find, from the accounts of the experiments 
at Woolwich, that the vertical ascending screw was made use of 
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without any mention being made of its originator, a certain Dr. 
Van Heck, whom I remember having brought before the scien- 
tific public thirty years ago. The inutility of this apparatus in 
the air has been demonstrated, but I am aware that several suc- 
cessful applications of the system for the purposes of ventilation 
have been made both in England and in France. 


NEW AND ECONOMICAL SOURCES OF ELECTRICITY. 


I wish to make but a few short observations upon two new 
and excellent sources of electricity, but which I hope to describe 
more fully in the next number of the “ Practical Magazine.” 

The first is the thermo-electrical battery, put in action by 
common gas or by coke, the invention of M. Clamond, 3, Rue 
du Jardinet, Paris. This is an excellent apparatus, capable of 
being applied to many purposes, of great strength and solidity, 
and composed only of indestructible metallic alloys ; the lighting 
of a match is sufficient to set it at work, and to produce a current 
fulfilling such conditions of duration, economy, and force as have 
hitherto not been attained. I have already seen three different 


| models at work, each of them a to daily work of different 


kinds ; a battery of two Bunsen elements and small-bars, or of 
tension ; another of four Bunsen elements and small-bars, also 
of tension ; and a third of four Bunsen elements and large-bars, 
or of quantity. This last one is a ne plus ultra galvanoplastic 
tool, and with a consumption of 150 litres of gas per hour, will 
deposit 1 kilogramme (2 lbs. 2 oz.) of copper for 2 fr. 50 c. (2s.). 
M. Clamond had the excellent idea of adapting a small Giroud’s 
gas regulator to his batteries, which ensures an equal heat and a 
constant current. 

The second apparatus to which I would call the attention of 
your readers is the electrolytic battery of M. Louis Maiche, the 
founder and director of the well-known starch factory of Lacote, 
near Lure, Haut-Saone. This battery much resembles that of 
Wollaston, but the elements are zinc and iron, instead of zinc 
and copper, the iron acting as electro-negative element. The 
use of iron presents several advantages : the battery does not 
become polarized, and the current produced attains a regularity 
and constancy seldom obtained even in Daniel’s or Bunsen’s 
batteries with porous jars. The exciting liquid is sulphuric acid 
at one-twentieth, which presents the following advantage—that 
it is easily obtainable everywhere, and very much cheaper than 
nitric acid. 

The proof that Maiche’s battery in its simplicity is founded 
upon an entirely new principle, is evidenced by the fact that it is 
possible to obtain the electrical light by means of it, under unex- 
ceptionably favourable circumstances. The workshop at Lure, 
of an extent of about 164 square yards, is properly lit up every 
evening by a battery of 70 elements, at a cost of only 50 centimes 
(5¢@.) an hour. But I presume that I have said sufficient to excite 
a curiosity which I shall be happy to satisfy shortly. 


PUBLIC LECTURES ON POPULAR SCIENCE IN SAINT-DENIS. 


In terminating this letter, I beg leave, in the interests of the 
progress of science and industry, to allude to the very happy 
results I have been able to obtain by popular instruction illus- 
trated, as a means of impressing the subjects upon the mind, and 
fixing the attention of the masses. 

Since I have taken up my abode in Saint-Denis as Canon of 
the Chapter, I have inaugurated during the past winter a series 
of popular lectures, delivered in an immense hall, to as many as 
2,500 auditors, notabilities of the town, manufacturers, directors 
of works, foremen, tradespeople, workmen, men, women, and 
children. I find that my audience listen with the greatest 
attention and interest to the explanations I give them of the 
drawings and views which I cause to be projected on a screen 
by means of the oxy-hydrogen light, and which next season I 
intend doing with the aid of M. Maiche’s electric light. 

Emboldened by this success, I also have laid up a stock of 
practical science, in the shape of an immense collection of pic- 
tures on glass, illustrating the most interesting actualities of the 
year—the most important events, facts, instruments and pheno- 
mena connected with pure and applied science, astronomy, 
mechanics, hydrostatics, mod electricity, meteorology, the electric 
telegraph, the steam engine and railways, aérostatics, &c. &c. I 
shall feel happy if my example induces others to enter upon this 
most useful apostolate, and am willing to supply different series 
of these pictures at an easily accessible price, which will never 
They are to be obtained at the office of my 
journal, “ Les Mondes,” 18, Rue du Dragon, Paris; or may be 
applied for at the office of the “ Practical Magazine.” 


ABBE F. MOIGNO, 
Canon oj the Chapter of Saint-Denis 
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FROM GERMANY. 


Leipzig, Aug. 14, 1874. 
==a)HE excitement—artistic, industrial, and commercial— 
“| caused in Germany by the Vienna Exhibition has all 
se] but subsided ; it is only occasionally brought to mind 
by the various reports upon it, finishing or about to 
finish. Germany is progressing fairly with the publication of its 
own reports, and the official report of the Exhibition commis- 
sioners is all but complete. 

Several Industrial Exhibitions on a smaller scale are in pre- 
paration. Some time next year, an Exhibition for Trades and 
Manufactures, for the Kingdom of Saxony, will be opened at 
Dresden. Frankfort-on-Main has a similar one in view for the 
spring of 1875. 

The extension of the German war-fleet is being pushed for- 
ward with energy. Next year, 1875, our eighth armour-clad 
frigate will be completed, and our armour-plated corvettes will be 
increased in number. Whether Germany will ever become one 
amongst the great maritime powers of the world, is a question 
the answer to which is not quite to hand. 

The employment of children in factories, and the probable 
intervention of the state on behalf of the employed children, are 
matters that are taking up attention. The Chemnitz Chamber 
of Commerce has petitioned the Reichstag to be permitted to 
draw up a draft bill to regulate the employment of juvenile 
labour, and, for facility of operations, to set aside the distinction 
at present existing between “trades” and “manufactures,” It 
is proposed to make unlawful the employment of children 
ott ten years of age, in workshops or factories ; but to permit 
light work in factories to be given to healthy children who have 
completed their tenth year. ; ; 

The raising of traffic rates on the German railways, which has 
been projected in some places, and carried out in others, is 
causing much discussion and dissatisfaction. Both commerce 
and manufactures are already unfavourably affected by the 
changes made or intimated. ; 

The change from thalers and florins to the new decimal 
“ mark” system is coming but slowly into popular usage. The 
“ mark ” system of calculation, however excellent in itself, cannot 
well be carried into effect without the necessary coinage, and 
this is very little in circulation. Paper money, in the most objec- 
tionable condition imaginable, is current in the heart of Ger- 
many, while silver and gold are hardly ever seen. The Berlin 
Mint are coining a great number of nickel pieces as well as a 
number of small coins of the value of 20 pfennige=o'2 mark, or 
one-fifth of a shilling. The nickel coins are large in comparison 
with those in silver, and are extremely light. 

Not much is heard of new mechanical improvements. For 
the moment, Germany does not seem to be veryinventive. The 
new petroleum engine, invented by Hock (see p. 201 of the 

resent number), and lately brought into the market, appears to 
Sons proved itself very suitable for establishments where a small 
engine is desirable; but the credit of it must, we suppose, be 
ceded by us to our neighbours of Austria, the inventor and 
manufacturer being both of Vienna. The manufacture of inex- 
plosive steam boilers, according to the system of Root and Belle- 
ville, has been recently introduced into Germany, a factory having 
been fitted up for their production in Deutz, on the Rhine. Up 
to this time, non-explosive steam generators had only been 
manufactured in England and France. It remains to be seen 
whether the German manufacture will rival the excellence of 
the English and French. ‘ é 

The production of the so-called “ozokerit,” or fossil wax, has 
recently increased very much. It is highly spoken of as a sub- 
stitute for beeswax. The bleaching of ozokerit, which is carried 
out in Germany and Austria, cannot, it is found, be effected 
without damaging the hardness and resistance to melting which 
is one of the most valuable properties of ozokerit, and in many 
cases the bleaching process is dispensed with. ; 

One of the principal subjects of attention in practical chemistry 
is the utilization of the solid matters of sewage. After endless 
proposals for their utilization in industry or agriculture, a 
process has been invented which fits them for use in either way. 
They are formed into blocks for fuel, to be used in the ordinary 
manner, or these blocks, which are nearly as hard as stone, can 
be ground into manure for farm use. The trials, so far made, 
of these sewage blocks have given satisfactory results. Dr. 
Petri, of Berlin, has occupied himself particularly with this 
study, and has recently published the results of his researches, 
besides conducting in Berlin public experiments on a large scale. 








Chemicals are first thrown into the fluid sewage to combine with 
the organic acids, and so deodorize the mass. The fluids con- 
tained in it are taken up by absorbing substances, and in a few 
hours a clayey tenacious mass is produced, capable of being cut 
and moulded. It is forced into moulds and dried ; after drying 
the lumps can be used like coals for fuel, or ground up for 
manure. Information as to the cost of production I have not 
yet been able to obtain. 

Amongst aniline dye-stuffs, methyl green is increasing in 
commercial importance, and is now a formidable competitor in 
the markets with iodine green. A very beautiful methyl violet 
is also being produced by German manufacturers. In the 
manufacture of alizarin, there are no great improvements to 
report, although the demand for artificial alizarin is now very 
considerable, particularly in Russia, where the consumption 
increases from day to day. Anthracene blue, a splendid blue 
dye, is not yet produced in a form adapted to industrial purposes, 
and is not, therefore, yet for sale. On the other hand, Messrs, 
Gutbier & Gétze, of Leipzig, bring a new dye into the market, 
which they recommend as a very perfect substitute for indigo. 
Deep blue shades can be dyed in cotton with this substitute for 
indigo, and it seems particularly suitable also for a finish to vat- 
bottoms. 

The sugar manufacture in Germany is not so depressed as in 
Austria, since over-production in the former has not been carried 
so far as in the latter country. But it cannot be denied that 
there is a glut in the chemical and manufacturing markets of 
both countries. 

A statistical note upon the production of wool in Germany 
may not be uninteresting. German farmers possess between 
them 29,000,000 head of sheep, 14,000,000 of which are of the 
merino stock, 8,000,000 of native stock, and 7,000,000 of English 
and other foreign stocks. 

The widespread desire for a new and uniform patent law for 
Germany, manifests itself in petitions which come in from all 
sides. In Alsatia, especially, the want of protection for original 
designs is very severely felt. Proprietors of glass works, among 
others, complain loudly that their models, if original, are imme- 
diately copied by other firms, large as well as small. In spite, 
however, of all remonstrance, the state leaves the patent law as 
it is, worthless for the inventor. 

The movement for industrial art is one that has lately begun to 
progress with unceasing constancy. The national interest in 
this movement of the age is kept up by several important maga- 
zines which diffuse both light and warmth, as well as by the 
trade museums in all our more important cities. 


Dr. F. SPRINGMUHL, 


Editor of the Muster-Zeitung, the Industrie- 
und Kunst-Zeitung, &¢. 





To the Editor of the PRACTICAL MAGAZINE. 


DEAR SIR, 

OBSERVE in your issue for August, under the 
heading “ Sulphuric Acid,” in your abstract of the 
Vienna report, the statement that “the Glover 
tower is expensive to erect and costly to uphold.” 
Will you allow me, asjthe inventor of that appara- 
tus, to state that a tower I have at work here, was 





‘erected in January, 1868, ata cost of £450, that it has been in 


constant work from that time till now, and has cost under £70 
in repairs, and that during the same period it has denitrated and 
concentrated upwards of 73,000 tons of acid to a specific gravity 
of 1°750, entirely by the combustion of 15,400 tons of pyrites, no 
coal or other fuel being used. The tower is still at full work, 
and to all appearances will work many years. 

I am aware that very much inferior results have been obtained, 
but the fault has always been in the construction or management 
of the apparatus, and is not inherent in it. 


Yours truly, 
JOHN GLOVER, 
WALLSEND.—August 25th, 1874. 





























